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DNA DIAGNOSTICS BASED ON MASS SPECTROMETRY 



Background of thg Inventmn 

The genetic information of all living organisms (e.g. animals, plants and 
microorganisms) is encoded in deoxyribonucleic acid (DNA). In humans, the complete 
genome is comprised of about 100.000 genes located on 24 chromosomes (The Human 
Genome. T. Strachan. BIOS Scientific Publishers. 1992). Each gene codes for a specific 
protein which after its expression via transcription and translation, fulfills a specific 
biochemical fimcuon within a living cell. Changes in a DNA sequence are known as 
mutations and can result in proteins with altered or in some cases even lost biochemical 
activities; this in turn can cause genetic disease. Mutations include nucleotide deletions, 
insertions or alterations (i.e. point mutations). Point mutations can be either "missense". 
resulting in a change in the amino acid sequence of a protein or "nonsense" coding for a stop 
codon and thereby leading to a truncated protein. 

More tiian 3000 genetic diseases are cunentiy known (Human Genome 
Mutations. D.N. Cooper and M. Krawczak. BIOS Publishers. 1993). mduding hemophilias, 
thalassemias. Duchenne Muscular Dystrophy (DMD). Huntington's Disease (HD), 
Alzheimer's Disease and Cystic Fibrosis (CF). In addition to mutated genes, which result in 
genetic disease, certain birth defects are the resuk of chromosomal abnormalities such as 
Trisomy 21 (Down's Syndrome). Trisomy 13 (Patau Syndrome). Trisomy 1 g (Edward's 
Syndrome). Monosomy X (Turner's Syndrome) and otfier sex chromosome aneuploidies such 
as ICienfclter's Syndrome (XXY). Further, there is growing evidence that certain DNA 
sequences may predispose an individual to any of a number of diseases such as diabetes, 
aneriosderosis. obesir. . various autoimmune diseases and cancer (e.g. colorectal, breasu 
ovarian, lung). 

Viruses, bacteria, fungi and other infectious organisms contain distinct nucleic 
acid sequences, which are different from the sequences contained in the host cell. Therefore, 
infectious organisms can also be detected and identified based on their specific DNA 
sequences. 

Since the sequence of about 16 nucleotides is specific on statistical grounds 
even for the size of the hiunan genome, relatively shon nucleic acid sequences can be used to 
detect normal and defective genes in higher organisms and to detect infectious 
microorganisms (e.g. bacteria, fungi, protists and yeast) and viruses. DNA sequences can 
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Spectrometo " 203-287 ( 1 990): and P.F. Grain. "Mass Spectrometric Techniques in 
Nucleic Acid Research." Mas^: «;n..rrmm,.tT^- R«»vi^>c 0 505-554 (1990). 

However, nucleic acids are very polar biopolymeis that are very difficult to 
volatilize. Consequently, mass spectrometric detection has been limited to low molecular 
weight synthetic oligonucleotides by detennining the mass of the parem molecular ion and 
through this, confirming the already known oligonucleotide sequence, or altemativelN-. 
confinning the known sequence through the generation of secondary ions (fragment ions) via 
CID in an MS/MS configuration utilizing, in panicular. for the ionizauon and volatilization, 
the method of fast atomic bombardment (FAB mass spectrometry) or plasma desorpuon (PD 
mass spectrometry). As an example, the application of FAB to the analysis of ptxitected - 
dimwic blocks for chemical synthesis of oligodeoxynudeotides has been described (Kdster ei 
al. Biomeriiral Fnvimnmemal Ma<^ <;n«?ctmTn>.T^ |4 1 1 i.i f jogf^y 

Two more recent ionizauon/desorption techniques are electrospray/ionspray 
(ES) and manrix-assisted laser desorpiion/ionization (MALDI). ES mass spectromctrv has 
been introduced by Fenn et al. (J. PhYS. Thrm. fiS. 445 1-59 (1984): PCT Application No. 
WO 90/14148) and current applications are summarized in recent review articles (R-D. Smith 
et a/.. Anal rhrm 62. 882-89 (1990) and B. Ardrey. Electrospray Mass Spectrometry. 
SpccimfHinnYE uiOOCi. 10-18 (1992)). The molecular weights of aietradecanucleotide 
(Covey etal. "The Determination of Protein. Oligonucleotide and Peptide Molecular Weights 
by lonspray Mass Spectrometry," Ranid roTnTnnnigarionc Mn ^s ?;necnnm^rr^• 2, 249-256 
(1988)). and of a 21-mer (Method?; in F.nTVmolngy. 122, "Mass Spectrometry" (McCloskey. 
editor), p. 425. 1990. Academic Press. New York) have been published. As a mass analyzer, 
a quadrupole is most frequently used. The determination of molecular weights in femtomole 
amounts of sample is very accurate due to the presence of multiple ion peaks which all could 
be used for the mass calculation. 

MALDI mass spcctromctr.-. in contrast, can be particularly attractive when a 
ume-of-fUght (TOF) configuration is used as a mass analyzer. The MALDI-TOF mass 
specux)metry has been inm)duced by Hillenkamp et al. ("Matrix Assisted UV-Laser 
Desorpuon/lonization: A New Approach to Mass Spectrometry of Large Biomolecuies. " 
B i olo?irnl M as s iSpccimmcrn- (Burlingame and McCloskey. editors). Elsevier Science 
Publishers. Amsterdam, pp. 49-60. 1990.) Since, in most cases, no multiple molecular ion 
peaks are produced with this technique, the mass spectra, in principle, look simpler compared 
to ES mass spectr metry. 



-Although DNA molecules up to a molecular weight of 410.000 daltons have 
been desorbed and volatilized (Williams et at.. "Volatilization of High .Molecular Weight 
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ac.d fragments separated etther by elecophoresis. liqmd chn^matogtaphv or hi=h s,«d eel 

rr."^= ""-^ " -^--^ '--PoratinZ- the ntSet^i" 
atoms wtach nonnally do not occur in DNA such as S. Br. 1 or Ag. Au. h. Os. Hg. 

nanic„l„ „ , ^ T"' specttometHc processes for detecting a 
P«~utar nucletc actd sequence in a biologic sample. Depending on ^ sequoKe to L 

*e proce^es can be used, for example: „ diagnose (e.g. prenatally or posmaully, a 

oZv °' ' P^^-ion .o a disease or cordon ,e.g 

ob«. y. at^erosclen^ts. cancer,, or infection by a padtogenic organism ,e.g. virus, bacja. 

r '^"'^•^ "'"ting .0 identity, heredity, or compatibHitv 

(e.g. HLA phenocyping). 

In a first embodiment, a nucleic acid molecule containing the nucleic acid 
^uence to be detected (i.e. the target) is initially immobilized to a solid suppon 
Immobilization can be accomplished, for example, based on hybridization between a ponion 
of the target nucleic acid molecule, which is distinct from the tarect detection site and a 
capture nucleic acd molecule, which has been previously immobilized to a soHd suppon 
Altemat.vely. immobilization can be accomplished by direct bonding of the target nucleic 
acd molecule and the solid suppon. Preferably, there is a spacer (e.g. a nucleic acid 
mo ecule) between the target nucleic acid molecule and the suppon. A detector nucleic acid 
molecule (e.g. an oligonucleotide or oligonucleotide mimetic), which is complementarv to 
the target detection site can then be contacted with the target deteaion site and fomiation of a 
duplex, indicating the presence of the target detection site can be detected bv mass 
spectrometry. In preferred embodiments, the target detection site is amplified prior to 
detection and the nucleic acid molecules are conditioned. In a funher preferred embodiment, 
the target detection sequences are arranged in a format that allows multiple simultaneous 
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dcxections (multiplexing), as well as parallel processing using oligonucleotide arrays ("DNa 
chips"). 

In a second embodimenL immobilization of the target nucleic acid molecule is 
an optional rather than a required step. Instead, once a nucleic acid molecule has been obtain 
from a biological sample, the target detection sequence is amplified and directly detected by 
mass spectrometry. In preferred embodiments, the target detection site and/br xhc detector 
oligonucleoudes are conditioned prior to mass spectrometric detection. In another preferred 
embodiment, the amplified target detection sites arc arranged in a format that allows multiple 
simultaneous detections (multiplexing), as well as parallel pitxressing using oligonucleoude 
anays ("DNA chips"). 

In a third embodiment, nucleic acid molecules which have been replicated 
from a nucleic acid molecule obtained from a biological sample can be specifically digested 
using one or more nucleases (using deoxyribonucleases for DNA or ribonudeases for RNA) 
and the fragments capnired on a solid support carrying the conesponding complementary 
sequences. Hybridization events and the actual molecular weights of the captured target 
sequences provide infonnation on whether and where mutations in the gene are present. The 
anay can be analyzed spot by spot using mass spectrometry. DNA can be similarly digested 
using a cocktail of nucleases including restriction endonudeases. In a preferred embodiment, 
the nucleic acid fragments are conditioned prior to mass spectrometric detection. 

In a fourth embodiment, at least one primer with 3' terminal base 
complementarity to an aUele (mutant or normal) is hybridized with a target nucleic acid 
molecule, which contains the allele. An appropriate polymerase and a complete set of 
nucleoside triphosphates or only one of the nucleoside triphosphates are used in separate 
reactions to furnish a distinct extension of the primer. Only if the primer is appropriately 
annealed (i.e. no 3' mismatch) and if the correct (i.e. complementary) nucleotide is added, 
will the primer be extended. Products can be resolved by molecular weight shifts as 
determined by mass spectrometr>-. 

In a fifth embodiment, a nucleic acid molecule containing the nucleic acid 
sequence to be detected (i.e. the target) is iniually immobilized to a solid support. 
Immobilization can be accomplished, for example, based on hybridization between a portion 
of the target nucleic acid molecule, which is distinct from the target detection site and a 
capture nucleic acid molecule, which has been previously immobilized to a solid support. 
.Alternatively, immobilization can be acc mplished by direct bonding of the target nucleic 
acid molecule and the solid support. Preferably, there is a spacer (e.g. a nucleic acid 
molecule) between die target nucleic acid molecule and the support. A nucleic acid molecule 
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acid molecule (T). which has been obtained from a biological sample. A specific capture 
sequence (C) is attached to a solid support (SS) via a spacer (S). The capture sequence is 
chosen to specifically hybridize vnxh a complementary sequence on the target nucleic acid 
molecule (T). known as the target capnire site (TCS). The spacer (S) facilitates unhindered 
hybndization. A detector nucleic acid sequence (D). which is complementarv to the TDS is 
then contacted with the TDS. Hybridization between D and the TDS can be detected bv mass 
spectrometT>'. 

FIGURE 1 B is a diagram showing a process for pcrformine mass 
spectrometric analysis on at least one target detccuon site (here TDS I and TDS ^) via direct 
linkage to a solid support. The target sequence (T) containing the target detection site (TDS 

landTDS2)isinunobilizedtoasolidsupp6nViktheformationofarcversibieor • • • 
irreversible bond formed between an appropriate fiincuonality (L') on the target nucleic acid 
molecule CT) and an appropriate functionality (L) on the solid suppon. Detector nucleic acid 
sequences (here Dl and D2). which are complementary to a target detection site (TDS 1 or 
TDS 2) are then contacted with the TDS. Hybridization between TDS 1 and D I and/or TDS 
2 and D2 can be detected and distinguished based on molecular weight differences. 

FIGURE IC is a diagram showing a process for detecting a wildtype (D^t) 
and/ or a mutant (Dmut) sequence in a target (T) nucleic acid molecule. As in Figure 1 A. a 
specific c^nire sequence (C) is attached to a solid support (SS) via a spacer (S). In addition, 
the capmre sequence is chosen to specifically interact with a complementarv sequence on the 
target sequence (T), the target capure site aCS) to be detected through hybridization. 
However, if the target detection site (TDS) includes a mutation. X. which changes the 
molecular weight, mutated target detection sites can be distinguished from wildtype bv mass 
spectrometry. Preferably, the detector nucleic acid molecule (D) is designed so that tiie 
mutation is in tiie middle of the molecule and tiierefore would not lead to a stable hvbrid if 
the wildtype detector oligonucleotide (Dwi) is contacted with the target detector sequence. 
e.g. as a control. The mutation can also be detected if the mutated detector oligonucleotide 
(Dmut) with the matching base at the mutated position is used for hybridization. If a nucleic 
acid molecule obtained from a biological sample is heterozygous for the panicular sequence 
<i.e. contain both Dwt and Dmut). both D^-i and Dmut will be bound to the appropriate strand 
and the mass difference allows botii Dv^ and Dmut to be detected simultaneously. 

FIGURE 2 is a diagram showing a process in which several mutations are 
simultaneously detected on one target sequence by employing corresponding detector 
oligonucleotides. The molecular weight differences between tiie detector oligonucleotides 
Dl . D2 and D3 must be large enough so Uiat simultaneous detection t multiplexing) is 
possible. This can be achieved eitiier by tiie sequence itself (composition or lengtii) or by tiie 
inu-oduction of mass-modify-ing fiinctionaliries M I - M3 into the detector oligonucleotide. 
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FIGURE 7A is a diagram showing a process for perfonning mass 
spectrometric analysis on on target detection site (TDS) contained within a target nucleic 
acid molecule (T). which has been obtained from a biological sample. A specific capture 
sequence (C) is attached to a solid suppon (SS) via a spacer (S). The capture sequence is 
chosen to specifically hybridize with a complementary sequence on T known as the target 
capture site (TCS). A nucleic acid molecule that is complementary to a ponion of the TDS 
hybridized to the TDS 5' of the site of a mutation (X) within the TDS. The addiuon of a 
complete set of dideoxynucleosides or 3'-dcoxynucleoside triphosphates (e.g. pppAdd. 
pppTdd. pppCdd and pppGdd) and a DNa dependent DNA polymerase allows for the 
addiuon only of the one dideoxynucleoside or 3*-deoxynucleoside triphosphate that is 
complementary to X. 

FIGURE 7B is a diagram showing a process for performing mass 
spectrometric analysis to determine the presence of a mutation at a potential mutation site 
(M) within a nucleic acid molecule. This format allows for simultaneous analysis of both 
alleles (A) and (B) of a double stranded urget nucleic acid molecule, so that a diagnosis of 
homozygous normal, homozygous mutant or heterozygous can be provided. Allele A and B 
are each hybridized with complementary oligonucleoudes ((C) and (D) respectively), that 
hybridize to A and B within a region that includes M. Each heteroduplex is then contacted 
Wth a single strand specific endonuclease. so that a mismatch at M. indicating the presence 
fa mutation, results in the cleavage of (C) and/or (D). which can then be detected by mass 
spectrometry. 



FIGURE 8 is a diagram showing how both strands of a target DNA can be 
prepared for detection using transcripuon vectors having two different promoters at opposite 
locauons (e.g. the SP6 and the T7 promoter). This format is panicularly useful for detecting 
heterozygous target detection sites (TDS). Employing the SP6 or the T7 RNA polymerase 
both strands could be transcribed separately or simultaneously. Both RNAs can be 
specifically capmred and simultaneously detected using appropriately mass-differentiated 
detector oligonucleotides. This can be accomplished either directly in solution or by parallel 
processing of many target sequences on an ordered array of specifically immobilized 
capturing sequences. 



FIGURE 9 is a diagram showing how RNA prepared as described in Figures 
6. 7 and 8 can be specifically digested using one or more ribonucleases and the fragments 
captured on a solid suppon carrying the corresponding complementarj- sequences. 
Hybridization events and the actual molecular weights of the captured target sequences 
provide information on whether and where mutations in the gene are present. The array can 
be analyzed spot by spot using mass spectrometry. DNA can be similarly digested using a 
cocktail of nucleases including restriction endonucleases. Mutations can be detected by 
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FIGURE 19 is a graphic represeniation of various processes for pcrforminc 
apo lipoprotein E gcnotyping. 

FIGURE 20 shows the nucleic acid sequence of normal apo lipoprotein E 
(encoded by the E3 allele) and other isotypes encoded by the E2 and E4 alleles. 

FIGURE 21 A shows a composite restriction panem for various genotypes of 
apolipoprotein E. 

FIGURE 21 B shows the resiriciion panem obtained in a 3.5% MeiPhor 
Agarose Gel for various genotypes of apolipoprotein E. ' 

FIGURE 21 C shows the restriction pattern obtained in a 12% polyacrylamide 
gel for various genotypes of apolipoprotein E. 

FIGURE 22A is a chan showing the molecular weights of the 91 , 83, 72, 4« 
and 35 base pair fragments obtained by restriction enzyme cleavage of the E2. E3 and E4 
alleles of apolipoprotein E. 

FIGURE 22B is the mass spectra of the restriction product of a homozygous 
E4 apolipoprotein E genotype. 

FIGURE 23 A is the mass spectra of the restriction product of a homosrygous 
E3 apolipoprotein E genotype. 

FIGURE 233 is the mass spectra of the restriction produa of a E3/E4 
apolipoprotein E genotype. 

FIGURE 24 is an autoradiograph of a 7.5% polyacrylamide gel in which 10% 
(5^1)ofeach PGR was loaded. Samck M: pBR322 ^/w/ digested: sample 1 : HBV positive 
in serological analysis: sample 1: also HBV positive: sampig 3 - without serological analysis 
but with an increased level of transaminases, indicating liver disease: sample 4 : HBV 
negative: sample f: HBV positive by serological analysis: samck-6: HBV negative (-) 
negative control: (+) positive control). Staining was done with ethidium bromide. 

FIGURE 25 A is a mass spectrum of sample 1. which is HBV positive. The 
signal at 20754 Da represents the HBV related PGR product (67 nucleotides, calculated mass: 
20735 Da). The mass signal at 10390 Da represents the [M-^2Hl2-^ signal (calculated: 10378 
Da). 

FIGURE 25B is a mass spectrum of sample 3, which is HBV negative 
corresponding to PGR. serological and dot blot based assays. The PGR product is generated 
only in trace amounts. Nevertheless it is unambiguously detected at 20751 Da (calculated: 
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20735 Da). The mass signal at 10397 Da rcDreseni. th. fM -,ltO- 

10376 Da). represents the (M-2H]2- molecule ion (calculated: 

rKA^, ■ . ^^^^^ '^^ '5 a mass spectrum of sample 4 which ic hrv 
CMV positive. As expected no HIV c«^ r • ™ negative, but 

5 ^ ° specific signals could be obtained. 

FIGURE 26 shows a pan of the ^^/. / i 
cWn length «I!l'd^UC "dnT'^^T''™!;'' '^"'^ "^^ """"" '^i'^- M: 

_ L« With ™L » 3 rr^n ' T 

P«5uive reactive contaimng wildtype template. 

noURE :» i. „ HPLC =h™ma,og™ of cwo pooled positive LCRs. 

FIGURE 29 shows an F-TPT r /-u 
20 ttmplatt were used. The sniall si<m,r „f ,1 '.'^'""'^ ^= ~>««tio„s bm muan. 

H.>^o„ of «,e edue^^r^^ra. tTo "^"^^ ^ 

sigmHcanUv lower ftan u» siLl of r "^^ « 

oiigon^ieoUdes are"/ p"!!;^:,^ ^ ^ 

-.vs.of./o'S.^,^ri;:x::-r^^^^^^ 

— LCKissho..,. The_sig.u„.,o,:r^---^^^^ 
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at 15449 Da reoresents the 'calculated. 7-21 Da) whereas the sienal 

.o ™ J, ioj^ s^ e '"^ °' - 

■n ng„„ .h. ..T.Z™o°';r dt;:r ^cir " "--^ 

signal a. 75. 7 Da„p«en,s Cigo A ^cu ^e^ „ , ' " '^^ 

COHTOI xeaoions ,«U, salmon spenn Dn7™;'?^ . " 

™>ge around 2000 Da are due """"" " <" <>" -ms 
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FIGURE 32 shows a spectrum obtained from two pooled LCRs in which onJ> 
salmon spenn DNA u-as used as a negative control, only oligo A could be detected, as 
expected. 

FIGURE 33 shows a spectrum of two pooled positive LCRs (a). The 
purification was done with a combination of ultrafiltration and strepiavidin DynaBeads as 
described in the tew. The signal at 15448 Da represents the ligation product (calculated: 
15450 Da). The signal at 7527 represents oligo A (calculated: 7521 Da). The signals at 3761 
Da is the fM+2H]2* signal of oligo A. whereas the signal at 5 140 Da is the [M*3H]2- signal 
of the ligation product. In b a spectrum of two pooled negauve LCRs (without template) is 
shown. The signal at 75 14 Da represents oligo A (calculated: 752 1 Da). 

FIGURE 34 is a schematic presentation of the oligo base extension of the 
mutauon detection primer b using ddTTP (A) or ddCTP (B) in the reaction mix. respectivelv. 
Tlje theoretical mass calculation is given in parenthesis. The sequence shown is pan of the 
exon 10 of the CFTR gene that bears the most common cystic fibrosis mutation AF508 and 
more rare mutations AI507 as well as lle506Ser. 

FIGURE 35 is a MALDI-TOF-MS spectra recorded directly from precipitated 
oligo base extended primers for mutauon detecuon. The spectra on the top of each panel 
(ddTTP or ddCTP. respectively) show the annealed primer (CF508) without further extension 
reaction. The template of diagnosis is pointed out below each spectra and the 
observed/expected molecular mass are written in parenthesis. 

FIGURE 36 shows the portion of the sequence of pRFcl DNA. which was 
used as template for PCR amplification of unmodified and 7.dea2apuiine containing 99-mer 
and 200-mer nucleic acids as well as the sequences of the 19-primers and the two 18-mcr 
reverse primers. 

FIGURE 37 shows the portion of the nucleotide sequence of M13mpl8 RFI 
DNA. which was used for PCR amplification of unmodified and 7-dea2apurine containing 
I03.mer nucleic acids. Also shown are nucleotide sequences of the I7-mcr primers used in 
the PCR. 

FIGURE 38 shows the result of a polyacrylamide gel elecuophorcsis of PCR 
products purified and concentrated for MALDI-TOF MS analysis. M: chain length marker, 
lane 1: 7-d azapurine containing 99.mer PCR producu lane 2: unmodified 99-mer. lane 3: 
7-dea2apurine containing 103-mer and lane 4: unmodified 103-mer PCR product. 



wo 96/29431 



-14- 



I»CT/CS9«/03<Si 



10 



15 



20 



IS 



FIGURE 39: an autoradiogram of polyacr>'lamide gel electrophoresis of PCR 
reactions carried out with 5'-p2p,.,abeled primers 1 and 4. Lanes I and 2: unmodified and 7 
-deazapurine modified 103.mer PCR product (53321 and 23520 counts), lanes 3 and 4 
unmodified and T-deazapurine modified 200-mer (7\ 123 and 39582 counts) and lanes 5 and 
6: unmodified and T^leazapurine modified 99.mer ( 1 73216 and 94400 counts). 

^ FIGURE 40 a) MALDl-TOF mass spectrum of the unmodified 103-mer PCR 

products (sum of twelve single shot spectra). The mean value of the masses calculated for the 
nvosmgiestrands(31768uand31759u,is3I763 u. Mass resolution: 18. b) MALDNTOF 
mass spectrum of 7-dea2apurine containing lOS-mer PCR product (sum of three single shot 
spectra). The mean value of the masses calcuhued for the two single strands (3 1 7-7 u and 
31719 u) is 31723 u. Mass resolution: 67. 

FIGURE 4 1 : a) MALDI-TOF mass spectrum of the unmodified 99.mer PCR 
product (sum of twenty single shot spectra). Values of the masses calculated for the two 
smgle strands: 30261 u and 30794 u. b) MALDI-TOF mass spectrum of the 7-dea2apurine 
contaming 99.mer PCR product (sum of twelve single shot spectra). Values of the masses 
calculated for the two single strands: 30224 u and 30750 u. 

FIGURE 42: a) MALDI-TOF mass spectrum of the unmodified 200-mer PCR 
product (sum of 30 single shot spectra). The mean value of the masses calculated for the two 
smgle strands (61873 u and 61595 u) is 61734 u. Mass resolution: 28. b) MALDI-TOF 
mass spectrum of 7-deazapurine containing 200-mer PCR product (sum of 30 single shot 
spectra). The mean value of the masses calculated for the two single strands (6 1 772 u and 
61514 u) is 61643 u. Mass resolution: 39. 

FIGURE 43: a) MALDI-TOF mass spectrum of 7-deazapurine containing 
lOO-mer PCR product with ribomodified primers. The mean value of the masses calculated 
for the two single strands (30529 u and 3 1095 u) is 308 12 u. b) MALDI-TOF mass spectrum 
of the PCR.product after hydrol.vtic primer-cleavage. The mean value of the masses 
calculated for the two single strands (25104 u and 25229 u) is 25167 u. The mean value of 
the cleaved primers (5437 u and 591 8 u) is 5677 u. 

FIGURE 44 A-D shows the MALDI-TOF mass spectrum of the four 
sequencing ladders obtained fi-om a 39-mer template (SEQ. ID. No. 13). which was 
immobilized to su-eptavidin beads via a 3' biotinylation. A I4-mer primer (SEQ. ID. NO. 14) 
was used in the sequencing. 
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FIGURE 45 shows a MALDI-TOF mass spectrum of a solid state seqtieacing 
of a 78-mer template (SEQ. ID. No. 15). which was immobilized to streptavidin beads via a 
3- biotinylation. A 18-mer primer (SEQ ID No. 16) and ddGTP were used in the sequencing. 

FIGURE 46 shows a scheme in which duplex DNA probes with single- 
stranded overhang capnire specific DNA templates and also serve as primers for solid state 
sequencing. 



FIGURE 47A-D shows MALDI-TOF mass spectra obtained from a 5* 
fluorescent labeled 23-mcr (SEQ. ID. No. 19) annealed to an 3* biotinylaied 1 8-mer (SEQ. 
ID. No. 20), leaving a 5.base overhang, which captuired a 15-mer template (SEQ: ID: No..21 ). ' 

HGURE 48 shows a stacking nurogram of the same products obtained from 
the reaction described in FIGURE 35. but mn on a conventional DNA sequencer. 

Detailed Descrintion of thg TnvCTrinn 

In general, the instant invention provides mass spectrometric processes for 
detecting a particular nucleic acid sequence in a biological sample. As -used herein, the term 
"biological sample" refers to any material obtained from any living source (e.g. human, 
animal, plant, bacteria, fiingi, proiist. virus). For use in the invention, the biological sample 
should contain a nucleic acid molecule. Examples of appropriate biological samples for use 
in the instant invention include: solid materials (e.g tissue, cell pellets, biopsies) and 
biological fluids (e.g. urine, blood, saliva, amniotic fluid, mouth wash). 

Nucleic acid molecules can be isolated from a panicular biological sample 
using any of a number of procedures, which are well-known in the art. the panicular isolation 
procedure chosen being appropriate for the panicular biological sample. For example, freeze- 
thaw and alkaline lysis procedures can be useful for obtaining nucleic acid molecules from 
solid materials: heat and alkaline lysis procedures can be useful for obuuning nucleic acid 
molecules from urine: and proteinase K extraction can be used to obtain nucleic acid from 
blood (Rolff. A ei al. PCR: Clinical Diagnostics and Research. Springer (1994)). 

To obtain an appropriate quantity of a nucleic acid molecules on which to 
pertbrm mass spectrometry-, amplification may be necessary. Examples of appropriate 
amplification procedures for use in the invention include: cloning (Sambrook « al.. 
.Molecular Cloning : A Laboratory Manual. Cold Spring Harbor Laboratory Press. 1989). 
polymerase chain reaction (PCR) (C.R. Newton and A. Graham. PCR. BIOS Publishers. 
1 994). ligase chain reaction (LCR) ( Wiedmann, M., ei. al., ( 1 994) PCR Method*; Appl Vol. 
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3, Pp. 57-64: F. Banmy Proc. Nasi Acad Sci USA 88. 1 89-93 ( 1 99 1 ) h 

vanauons such as RT-PCR (Higuchi. « al.. i^.o/TecWo^. y;:,026-,030 H 9^3 )^ L 
specific amphficauon (ASA) and transcription based processes. 

To facilitate mass spectrometric anaJvsis. a nucleic acid mnU.. i 
nuc,.,= acid ^u„c= .o ^ can ^ ^^TZTj^^^TT ' 

appropriate solid suppom include beads (..g silica »el co„™n-H T' ^'^•""of 
Scpbad^^Sepharose. cellolose. fla. surface 0 ^ . ™^^^ 

' -J-^7--^.o--ve,.a.un.n„n.cora::*,fr>^^^^^^^ 

p'^lt ^'"-"l;""- P"'^'^ Polyvinylldenedifluoride me^bran^T^^^^, 
P^. ^ p,ns or con,bs ^adc 60m sin,Uar n^als comprising beads or Ha. surfrsT 

b«ds placed n,top„smna, surface, such as wafers ,e.g. silicon wafers,. 

Immobilization can be accomplished, for example, based on hvbridizanon 
between a capture nucleic acid sequence which h...! j v . nyonouauon 
»nrt . ™ . . . """=" nas already been immobilized to the suooon 

^ a complement,,, nudetc acid se<,uence. which is also contained widun the nucJaT 
moleo^le contamtng the nucleic «:id s«,ue=ce .0 be detected (ROURE U). So H 
M^on b«ween the complementary nucleic acid molecules is not hindered b, the 
^Z.tr'™!"'^'^ " '^r^'o. of at leas, about five nucleotides 

fot^i^ T ^'^'^'^ nucleic acid se<,uence. duplex 

Sr^, r ""T* *« '^>«™« °f laser pulse and desorption can ^initiated 
o^r ^*r^ ^ - ^ P-" --"gh nanl oligoribo- or 

ohgodeoxynbonucl«,tide as well as analogs (e.g. thio-modified phosphodieier or 
Ptosphomester backbone, or emplo.ving oligonucleoude mimeucs such as PNA analogs ,see 

e.g. Ntelsen „ u/.. aaats, 254. ,497 (1991), which render the base sequence less 
suscepuble b enzymatic degradauon and hence increases overall stabilitv of the solid 
suppon-bound capture base sequence. 

Alternatively, a target detection site can be directiv linked to a solid suppcn 
v.a a reversible or irreversible bond bet^veen an appropriate functionality (f) on the target 
TrllTr'""""'" and an appropriate functionality (L, on the capture molecule 
(FIGLRE IB.. A reversible linkage can be such that it is cleaved under the conditions of 
n^s spectrometry (U.. a photocleavable bond such as a charge transfer complex or a labile 
bond bemg fonned bet..-een relatively suble organic radicals,. Furthermore, the linkage can 
be formed vvith L' being a quatemar,- ammonium group, in which case, preferablv. the surface 
of the solid suppon carries negative charges which repel the negatively charged nucleic acid 
backbone and thus facU.tate the desorption required for analysis bv a mass spectrometer 
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Desoiption can occxir either by the heat created by the laser pulse and/or. depending on L; by 
specific absorption of laser energy which is in resonance with the L' chromophore. 

By way of example, the L-L' chemistry can be of a type of disulfide bond 
(chemically deavable. for example, by mercaptoethanol or dithioerythrol). a 
biotin/sireptavidin system, a heterobifimctional derivative of a trityl ether group (Kosier ei 
ai. "A Versatile Acid-Labile Linker for Modification of Synthetic Biomolecules." 
Tcn-ahrflmn T mm iL. 7095 ( 1 990)) which can be cleaved under mildly acidic conditions as 
well as under conditions of mass spectrometry, a levulinyl group clcavable under almost 
neutral conditions with a hydrazinium/acetate buffer, an arginine-arginine or Ix-sinc-lysine 
bond deavable by an endopeptidase enzyme like trypsin or a pyrophosphate bond cleavable 
by a pyrophosphatase, or a ribonucleotide bond in between the oligodeoxynucleotide 
sequence, which can be cleaved, for example, by a ribonudease or alkali. 

The functionalities. L and L.' can also form a charge transfer complex and 
thereby form the temporary L-L* linkage. Since in many cases the "charge-transfer band" can 
be determined by UV/vis spectromeoy (see e.g. Ortranic rh».ry. Tr«r^^f^ r«mpi^^ by R. 
Foster. Academic Press. 1969). the laser energy can be nmed to the corresponding energy of 
the charge-iransfer wavelength and. thus, a spedfic desorption off the solid support can be 
initiated. Those skilled in the an will recognize that several combinations can serve this 
purpose and that the donor functionality can be either on the solid support or coupled to the 
nucleic acid molecule to be detected or vice versa. 



In yet another approach, a reversible L-L' linkage can be generated by 
homolyucally forming relatively stable radicals. Under the influence of the laser pulse, 
desorption (as discussed above) as well as ionization will take place at the radical position. 
Those skilled in the an will recognize tixat otiier organic radicals can be selected and that, in 
relation to the dissociation energies needed to homolytically cleave the bond between them, a 
corresponding laser wavelength can be selected (see e.g. Reactivg Mnl..ritlt>«; by C. Wentrup. 
John Wiley & Sons. 1984). 



An anchoring function L* can also be incorporated into a target capturing 
sequence (TCS) by using appropriate primers during an amplification procedure, such as 
PGR (FIGURE 4). LCR (FIGURE 5) or transcription amplification (FIGURE 6A). 

Prior to mass spectrometric analysis, it may be useful to "condition" nucleic 
acid molecules, for exampl to decrease the laser energy required for volauzation and/or to 
minimize fragmentation. Conditioning is preferably perf rmed while a target detection site is 
immobilized. An example of conditiorung is modification of the phosphodiesier backbone of 
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the nucleic acid molecule (e.g. cation exchange), which can be useful for eliminating peak 
broadening due to a heterogeneit>' in the cations bound per nucleotide unit. Contaaing a 
nucleic acid molecule with an alkylating agent such as alkyliodide. iodoacctamide. P- 
iodocthanol. or 2J5.epoxy.l-propanoI. the monothio phosphodiesicr bonds of a nucleic acid 
molecule can be transformed into a phosphotriester bond. Likewise, phosphodiester bonds 
may be transformed to uncharged derivatives employing trialkylsilyl chlorides. Further 
conditioning involves incoiporating nucleotides which reduce sensitivi^^• for depurination 
(fragmentation during MS) such as N7- or NQ-deazapurine nucleotides, or RNA building 
blocks or using oligonucleotide triesters or incorporating phosphorothioate functions which 
are alkylated or employing oligonucleotide mimetics such as PNA. 

For certain applicauons, it may be useful to simultaneously detect more than 
one (mutated) loci on a particular capnired nucleic acid fragmem (on one spot of an array) or 
.t may be useful to perform parallel processing by using oligonucleotide or oligonucleotide 
mimetic arrays on various solid supports. "Multiplexing" can be achieved bv several 
diflfereni methodologies. For example, several mutations can be simultaneously detected on 
one target sequence by employing corresponding detector (probe) molecules (e.g. 
oligonucleotides or oligonucleotide mimetics). However, the molecular weight differences 
between the detector olig'onucleotides Dl. D2 and D3 must be large enough so that 
simultaneous detection (multiplexing) is possible. This can be achieved either by the 
sequence itself (composition or length) or by the introduction of mass-modifying 
functionalities M I - M3 into the detector oIigonucleotide.(FIGURE 2) 

Mass modifying moieties can be attached, for instance, to either the S'-end of 
the oligonucleotide (M^ ). to the nucleobase (or bases) (M2. m7). to the phosphate backbone 
(M J ), and to the 2--position of the nucleoside (nucleosides) (M^. M*) or/and to the terminal 
3--position (M3). Examples of mass modifying moieties include . for example, a halogen, an 
azido. or of the type. XR. wherein X is a linking group and R is a mass-modifying 
functionality. The mass-modifying functionality can thus be used to introduce defined mass 
increments into the oligonucleotide molecule. 

Here the mass-modiiying moiety. M. can be attached either to the nucleobase. 
M- (in case of the cj-deazanucleosides also to C-7. M^). w the triphosphate group at the 
alpha phosphate. M^. or to the 2--position of the sugar ring of the nucleoside triphosphate. 

and m6. Furthermore, the mass-modifying functionality can be added so as to affect 
chain termination, such as by attaching it to the 3'.position of the sugar ring in the nucleoside 
triphosphate. M^. For those skilled in the an. it is clear that many combinations can ser%'e the 
purpose of the mvention equally well. In the same way. those skilled in the an will recognize 
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thai chain-clongaiing nucleoside triphosphates can also be mass-modified in a similar fashion 
with numerous variations and combinations in funciionalit>- and attachment positions. 

Without limiting the scope of the invention, the mass-modification. M can be 
introduced for X in XR as well as using oligo-/polyethylene glycol deri^-atives for R. The 
mass-modifying increment in this case is 44. i.e. five different mass-modified species can be 
generated by just changing m from 0 to 4 thus adding mass units of 45 (m=0). 89 (m=l) 133 
(m-2). 177 (m=3) and 221 (m=4) to the nucleic acid molecule (e.g. detector oligonucleoUde 
(D) or the nucleoside triphosphates (FIGURE 6(C)). respectively). The olieo/polvethvlene 
glycols can also be monoalkylated by a lower alkyl such as methyl, ethyl, propvl. isopropyl 
t-butyl and the like. A selection of linking functionalities. X, are also illustrated. Other 
chemistries can be used in the mass-modified compounds, as for example, those described 

'^^"^y Qligftnuclcnfidn a nd Analofiin A PrarTirai ^pprnnrh . F. Eckstein, editor, irl 
Press. Oxford. 1991. 

In yet another embodiment, various mass-modifying fiinctionaliues. R. other 
than oligo/polyethylene glycols, can be selected and attached via appropriate linking 
chemistries. X. A simple tnass-modification can be achieved by substinning H for halogens 
like F, CI. Br and/or I. or pscudohalogens such as SCN. NCS. or bv using different alkyl aryl 
or aralkyl moieties such as methyl ethyl, propyl, isopropyl. t-butyl. hexyU phenyl, substinited 
phenyl, benzyl, or functional groups such as CH2F. CHFn. CF-;, Si(CH-)- 
Si(CH3)2(C2H5). Si(CH3XC2H5)2. Si(C2H5)3" Yet another iLs-modification can be 
obtamed by attaching homo- or heteropeptides through the nucleic acid molecule (e.g. 
detector (D)) or nucleoside triphosphates. One example useful in generating mass-modified 
species with a mass increment of 57 is the attachment of oligoglvcines. e.g.. mass- 
modifications of 74 (r=l. m-O). 131 (r=l. m-2). 188 (r=l. m=3). 245 (r=l. m=4) are 
achieved. Simple oligoamides also can be used. e.g.. mass-modifications of 74 (r=l. m=0). 
88 (r=2. m=0). 102 (r=3. m=0). 116 (r=4. m«0). etc. are obtainable. For those skilled in the 
aru it will be obvious that there are numerous possibilities in addition to those mentioned 
above. 

•As used herein, the superscript 0-i designates i - I mass differentiated 
nucleotides, primers or tags. In some instances, the superscript 0 can designate an 
unmodified species of a panicular rcactani. and the superscript i can designate the i-th mass- 
modified species of that reactant. If. for example, more than one species of nucleic acids are 
to be concurrently detected, then i - 1 different mass-modified detector oligonucleotides (DO. 
D'-...D') can be used to distinguish each species of mass modified detector oligonucleotides 
(D) from the others by mass spectrometry. 
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Dififerent mass-modified deteaor oHgonucleoiides can be used to 
simultaneously detect all possible variants/mutants simultaneously (FIGURE 6B ). 
Alternatively, all four base permutations at the site of a mutation can be detected b> 
designing and posiuoning a detector oligonucleotide, so that it serves as a primer for a 
DNA^NA polymerase (FIGURE 6C). For example, mass modifications also can be 
incorporated dtiring the amplification process. 

FIGURE 3 shows a different muluplex detection format in which 
differcnuation is accomplished by employing diffeient specific capture sequences which are 
position-specifically immobilized on a fiat surface (e.g. a 'chip array'). If different target 
sequences T 1 - Tn are present, their target capnire sites TCS 1 - TCSn will specifically 
interact with complementaiy immobilized capnire sequences Cl-Cn. Detection is achieved 
by employing appropriately mass differentiated detector oligonucleotides Dl - Dn. which are 
mass differentiated either by their sequences or by mass modifying functionalities Ml - Mn. 

Preferred mass spectrometer formats for use in the invention are matrix 
assisted laser desorpuon ionization (MALDI). electrospray (ES). ion cyclotron resonance 
(ICR) and Fourier Transform. For ES. the samples, dissolved in water or in a volatile buffer, 
are injected either continuously or discontinuously into an atmospheric pressure ionization 
interfece (API) and then mass analyzed by a quadrupole. The generauon of multiple ion 
peaks which can be obtained using ES mass spectrometrv- can increase the accuracy of the 
mass determination. Even more detailed information on the specific strucnire can be 
obtained using an MS/MS quadrupole configuration 

In MALDI mass spectrometry, various mass analyzers can be used. e.g.. 
magnetic sector/magnetic deflection instruments in single or triple quadrupole mode 
(MS/MS). Fourier transform and time-of-flight (TOF) configurations as is knov».-n in the an of 
mass spectrometrv-. For the desorption/ ionization process, numerous matrix/laser 
combinations can be used. Ion-trap and reflecmin configurations can also be employed. 

The mass specmjmetric processes described above can be used, for example, 
to diagnose any of the more tiian 3000 genetic diseases currently known (e.c hemophilias, 
thalassemias. Duchenne Muscular Dysmjphy (DMD). Huntington's Disease (HD). 
Alzheimer's Disease and Cystic Fibrosis (CF)) or to be identified. 

The following Example 3 provides a mass specu-omeier method for detecting a 
mutation (AF508) of the cystic fibrosis transmembrane conductance regulator gene (CFTR). 
which differs by only tiiree base pairs (900 daltons) from the wild type of CFTR gene. As 
described further in Example 3. the detection is based on a single-tube, competitive 
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oligonticleotide single base extension (COSBE) reaction using a pair of primers with the 3'- 
lenninal base complementary to either the norma] or mutant allele. Upon hybridization and 
addition of a polymerase and the nucleoside triphosphate one base downstream, only those 
primers properly annealed (i.e.. no 3*-tCTrainal mismatch) are extended: pnKlucts are resolved 
by molecular weight shifts as detennined by matrix assisted laser desorpxion ionization lime- 
of-flight mass spectromeu>-. For the cysuc fibrosis AF308 polymorphism. 28-mer normal' 
(N) and 30^er 'mutant' (M) primers generate 29- and 3 1 -mers for N and M homozygotes. 
respectively, and both for heieroz>goies. Since primer and product molecular weights are 
relatively low (< 1 0 kDa) and the mass difference between these are at least that of a single - 
300 Da nucleotide unit, low resolution instrumentation is suitable for such measurements. 

In addition to mutated genes, which result in genetic disease, certain binh 
defects are the result of chromosomal abnormalities such as Trisomy 21 (Down s Syndrome ). 
Trisomy 13 (Patau Syndrome), Trisomy 1 8 (Edward's Syndrome), Monosomy X (Turner s 
Syndrome) and other sex chromosome aneuploidies such as Klienfelter's Syndrome (XXY). 

Further, there is growing evidence that certain DNA sequences may 
predispose an individual to any of a number of diseases such as diabetes, arteriosclerosis, 
obesity, various autoimmune diseases and cancer (e.g. .colorectal, breast, ovarian, lung); 
chromosomal abnormality (either prenatally or postnatally); or a predisposition to a disease or 
condition (e.g. obesity, artherosclerosis, cancer). Also, the detection of "DNA fingerprints". 
e.g. polymorphisms, such as "microsatcllite sequences", are useful for determining identity or 
itcrcthty (e.g. paternity or maternity). 

The following Example 4 provides a mass spectomeier method for identifying 
any of the three different isoforras of human apoHpoprotein E. which are coded by the E2. E3 
and E4 alleles. Here the molecular weights of DNA fragments obtained after restriction with 
appropriate restriction endonucleases can be used to detect the presence of a mutation. 

Depending on the biological sample, the diagnosis for a genetic disease, 
chromosomal aneuplotdy or genetic predisposition can be preformed either pre- or post- 
natally. 

Viruses, bacteria, fungi and other infectious organisms contain distinct nucleic 
acid sequences, which are different from the sequences contained in the host cell. Detecting 
or quantitating nucleic acid sequences that are specific to the infectious organism is important 
for diagn sing r monitoring infection. Examples of disease causing viruses thai infect 
humans and animals and which may be detected by the disclosed processes include: 
Retroviridae (e.g.. human immunodeficiency viruses, such as HIV- 1 (also referred to as 
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HTLV-III. LAV r HTLV-III/L AV W R»n^ r i »• 

no«<;^ m; ■ u ^ L. « aJ.. ^a/ure, Vol. 313. Pp. 227.->84 

(1985): Wain Hobson. S. et al. Ce//. Vol. 40: Pp. 9-17 n985^V HTV -y / . 

^. vo,. 3.,. , J rLr;;::^.^^ " 

Chakrabom ci al.. ,\ature. Vol. 328. Pp. 543-547 ( i Qa7x. c 

/7aw„<i„ ,c.g.. daigue vin,s«. raceptaliuj vinB«. ve||ow fev„ vinoa,, r- . 

co„.v^, J:™ 

measles v,n^ rcsp„..oo. syncytial virus,; CV,/,„^<,w,,<4„ 

flB'Wffvjn.iie (e.g.. Hantaan viruses, bunga vinises nhl.h»™ . j v, ■ 

/V t . . "njses. puebovinises and Nairo viruses)- Arena 

"ndae (hemortag-c fever vi^ses,: Aec^riJae (e.g.. «,vin«s. orbiviurses and ro Jw^, 
fl-«n„„<*,... ,„^,rt.is B vin.,: Pan,oyM^, (parvoviruses, 

(cXr;::!! ■ "«'2 vancel>azos<=rvin..cy«,n,eg.,<J^™s 

^r^' """'^ "io'oeical 

agents of Spongiform encephalopalhies. the agent of delta hepauaes (thought to b. a " 
defecuve satelhte of hepaUds B virus,, the agents of non-.^ non-B hepatitis (class 1 = 
m^nally transmitted: class 2 - parenterally transmined (i.e.. Hepatitis C): Norwalk and 
related viruses, and astrovinises). 

^^Pi^ of infectious hacicna include: Helicobacrerpvlor^^ 
W^or/er, LegioneIiapneun.opMiaa. Mycobaaeria sps M. tuberculosis. M. a.ium. M. 
mrracellulare. M. kansaii. M. gordonae), StapHylococcus aureus. Neisseria gorrorrHoeae 
.\e,ssena n,en.nguiciis. Usrena monocytogenes. Streptococcus pyogenes (Group A 
Streptococcus,. Streptococcus agalactiae (Group B Streptococcus,. Streptococcus (viridans 
group,. Streptococcus foecalis. Streptococcus bovis. Streptococcus tanaerobic sps ) 
Streptococcus pneumoniae, pathogenic Campylobacter sp.. Enterococcus sp.. Haemophilus 
"^fluenzae. Bacillus antracis. corynebactertum diphthenae. corvnebac.erium sp 
Erys.pelothrix rhusiopathiae. Clostridium perfringers. Clostridium tetani. Enterobacter 
oerogenes. Klebsiella pneumoniae. Pasturella multocida. Bacteroides sp. Fusobacterium 
nucleaxum. Streptobacillus moniliformis. Treponema pallidium. Treponema per tenue. 
Leptospira, and Actinomyces israelii. 
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Examples of infectious fungi include: Crypiococcus neoformans. Histoplasma 
capsulatum. Coccidioides immitis. Blastomyces dermatitidis.Chlamydia trachomatis. 
Candida albicans. Other infectious organisms (i.e.. proiists) include: Plasmodium 
falciparum and Toxoplasma gondii. 

The following Example 5 provides a nested PCR and mass spectrometer based 
method that was used to detect hepatitis B virus (HBV) DNA in blood samples. Similarly 
other blood-bome viruses (e.g.. HIV-I. HIV.2. hepatitis C virus (HCV). hepautis A virus " 
(HAV) and other hepatitis viruses (e.g.. non-A-non-B hepatitis, hepatitis G. hepatits E) 
cytomegalovirus, and herpes simplex v-irus (HSV)) can be detected each alone or in 
combination based on the methods described herein. i 

Since the sequence of about 16 nucleotides is specific on statistical grounds 
(even for a genome as large as the human genome), relatively short nucleic acid sequences 
can be used to detect normal and defective genes in higher organisms and to detect infectious 
microorganisms (e.g.ba«eria. fungi, protists and yeast) and viruses. DNA sequences can 
even serve as a fingerprint for detection of different individuals within the same species 
(Thompson. J.S. and M.W. Thompson, eds.. Generi.^. in M^^^.^n^ w.B. Saunders Co 
Philadelphia. PA ( 1 986). 

One process for detecting a wildtype (Dwt) and/ or a mutant (Dmut) sequence 
in a target (T) nucleic acid molecule is shown in Figure IC. A specific capture sequence (C) 
IS attached to a solid suppon (ss) via a spacer (S). In addition, tiie capture sequence is chosen 
to specifically interact witii a complementary sequence on the target sequence (J), the target 
capture site aCS) to be detected through hybridization. However, if the target detection site 
rroS) includes a mutation. X. which increases or decreases the molecular weight, mutated 
TDS can be distinguished from wildtype by mass spectrometry. For example, in tiie case of 
an adenine base (dA) insertion. \hc difference in molecular weights between Dwt and Dmut 
would be about 3 1 4 daltons. 

Preferably, the detector nucleic acid (D) is designed such that the mutation 
would be in the middle of the molecule and tiie fianking regions are shon enough so thai a 
stable hybrid would not be formed if tiie wildtype detector oligonucleotide (D^vT) is contacted 
witii tiic mutated target detector sequence as a control. The mutation can also be detected if 
tiie mutated detector oUgonucl otide (Dmut) witii tiie matching base at tiie mutated position 
IS used for hybridization. If a nucleic acid obtained from a biological sample is heterozygous 
for tiie particular sequence (i.e. contain botii Dwt and Dmut). botii D^i and Dmut will be 
bound to tiie appropriate sttand and tiie mass difference allows both D^t and Dmut to be 
detected simultaneouslv. 
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The process of this invention makes use of the known sequence infomxation of 
d,c urge: sequence and known mutation sites. Although new mutations can also JZZ 

5 IZ r " " "''''^ °^ ^ — obtaint^ll" 

. a b-'°^-' <^ ^ specifically digested usmg one or more nucleases and the 

^ents captured on a solid suppoa earning the corresponding complementan- nucleic acid 
sequences. Detecuon of hybridization and the molecular weights of the captured t^t 
«^uenccs provide information on whether and where in a gene a mutation is present^ 
Alt^.ely. DNA can be cleaved by one or more specific endonuc.eases t Wa fixture 
) of fragments Companson of the molecular weights between wildtvpe and mutant Jg^ 
nuxtures results in mutation detection. niuiant iragmem 

The present invention is further illustrated by the following examples which 
should not be construed as limiting in any way. TTte contents of all ci J references 
(mcludmg hterature references, issued patents, published patent applications (including 
mtemanonal patent application Publication Number WO 94/16101. entitled DNA 

Sequencing by Mass Spectromerrv bv H. Koester and intii^^r; i 

_ . - "iternauorud patent application 

PubUcauon N™U«r WO «/21822 "DNA ^ m=ss S^omcrv VU 

Exonud«e Degr«iauo„- by H. lCo«.„,. and co-pendiag pa^. appUc^ions. (including 
U.S P«e„, Applicauon S«ial No. 08/406.199. cntill«i DNA Diagnostics Bas.don Mass 
Sp.c^^ny by H. iCo«.er). as ched rtroughom *is applicalion arc hereby expressly 
incorporated by reference. 

1 g CPG (Controlled Pore Glass) was ftmctionalized with 3Htriethoxysilyl)- 
epoxypropan to form OH-groups on the polymer surface. A standard oligonucleotide 
synthesis with 13 mg of the OH-CPG on a DNA synthesizer (MiUigen. Model 7500) 
employmg 3-cyanoeihyl-phosphoamidites (Koster « al.. Nucleic Acids Res.. 12 4539 
(1994)) and TAC N-protecting groups (Koster et al.. Tetrahedron. 21. 362 (1981)) was 
performed to synthesize a S'-TsoOmer oligonucleotide sequence in which 50 nucleotides are 
complementary to a "hypothetical" 50mer sequence. T. serves as a spacer. Deprotection 
with saniiated ammonia in methanol at room temperature for 2 hours furnished according to 
the determination of the DMT group CPG which contained about 10 umol 55mer/g CPG 
This 33mer served as a template for hybridizations with a 26mer ( with 5 -DMT group) and a 
40mer (without DMT group). The reaction volume is 100 ul and contains about Imnol CPG 
bound 33mer as template, an equimolar amount of oligonucleotide in solution (26mer or 
40mer) in 20mM Tris-HCI. pH 7.5. 10 mM MgCI, and 25mM NaCI. The mixmre was 
heated for 10' at 65-C and cooled to 37-C during 30' (amieaiing;. The oligonucleotide which 



W0 9«a9431 



-25- 



PCT/US96/03651 



has not been hybridized to ihc poJymer-bound template were removed by cemrifiieauon and 
three subsequent washing/centrifiigauon steps wixh 100 ul each of ice-cold 50mM' 
ammoniumciirate. The beads were air-dried and mixed with matrix solution (3- 
hydroxypicolinic acid/1 OmM ammonium citrate in acctonitril/waier. 1 : 1 ). and analvzed bv 
MALDI-TOF mass spectTometr> . The results are presented in Figures 1 0 and 1 1 * 

DNA fragments at a concentration of 50 pmole/ul in 2-propanol/lOmM 
ammoniumcarbonate (1/9. v/v) were analyzed simultaneously by an electrosprav mass 
spectrometer. 

The successful desorption and differentiation of an 18-merand 19.mcrbv 
electrospray mass spectrometry is shown in FIGURE 1 2. 

MATERIALS AND METHODS 

PCR Amplification and Strand Immobilizaiion. Amplification was carried out 
with exon 10 specific primers using standard PCR conditions (30 cycles: r@95-C. r®55-C 
2'@72-C): the reverse primer was 5' labelled with biotin and column purified 
(Ohgopurification Cartridge, Cruachem). After amplification the PCR products were purified 
by column separation (Qiagen Quickspin) and immobilized on streptavidin coated magnetic 
beads (Dynabeads. Dynal. Norway) according to their standard protocol: DNA was denamred 
usmg O.IM NaOH and washed with O.IM NaOH. IxB+W buffer and TE buffer to remove the 
non-biotinyiated sense strand. 

COSBE Conditions. The beads containing ligated antisense strand were 
resuspendcd in 18^1 of Reaction mix I (2 ul lOX Taq bufiFer. 1 ^L (1 unit) Taq Polvmerase. 2 
\xL of 2 mM dGTP. and 13 nL H2O) and incubated at 80-C for 5' before the addition of 
Reaciton mix 2 ( 100 ng each of COSBE primers). The temperature was reduced to 60"C and 
the mixtures incubated for a 5' annealing/extension period: the beads were then washed in 
25mM uiethylammonium acetate (TEAA) followed by 50mM ammonium citrate. 

Primer Sequences. All primers were synthesized on a Pereeptive Biosystems 
Expedite 8900 DNA Synthesizer using conventional phosphoramidiie chemistr%' (Sinha ct al. 
(1984) .Wucleic Acids Res. /J:4539. COSBE primers (both containing an intentional 
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mismatch one base before the S'-teiminus) wer» th«c- ...^ 

ftom U,e 5 .«d of*. " ~° "moved 



IdIT''"" ™ '^-^ <30-me., .SEQ 

Ato, Specrramerry: After washing, beads were resuspended in I uL 18 
Mohnvcm H.O. 300 nL each of matrix (Wu et al.. 1993) solution (oTm^ hI . 
acid. 0.7 M dibasic anunonium citrate in 1 1 HnO cu/r^ r '•'^y'^^^yP^^oHmc 
al n 99S^ . . ^ "20-CH3CN) and resuspended beads aane et 

al. (1995) Rapid Commun Mass Specirom 5:727-730) were miv^H , , ^ ' « 
aUowed to air dz>-. Up to 20 samples were snort J ""^^'^ °" ^ ^P»«^ and 

the source region of a^ unrno^<S^!!lT T ' 7 "'^ 

^M^^Topo^.„r:::r°^^-« 

«r<^,i ^,ru • , ^ sonware was used to detcrmme peak cenuoids usine 

external calibration: 1 .08 Da has been subira«<.rf rr«™ ,u / ^ 

nm,«« • . suDiracted from these to correct for the charge canvine 

proton mass to yield the text M,(exp) values. carrying 

and 9148 0 D. ^^""^ "".T "^"^^ '° "^"^^ ^""^P'*^^' ^« N and M primers (8508.6 
Sfck b^ -P-"vely) are presented with dGTP: only primers with proper Watson- 

2n ^Tth"^' " rr^"' ^ ^'^^^"^''^ polymerase TTius if V 

pairs with the . -terminal base of N. N is extended to a 8837.9 Da product (N*l ). Likewise 
■f V IS properly matched to the M terminus. M is extended to a 9477.3 Da M*l product ' 



Results 



o ^'^"^"^ ■ ' ^ ^^""^ '^"^ representative mass spectra of COSBE reaction 
products, Bener results were obtained when Prp ^. . . 

. products were pun fied before the 

UlOtinvlaterl anri.C^ne^ t^w^^^M 1 3 



bioiinylated anti-sense strand was bound 
Example 4 



, . ^'^."'^P' ^ '^P° ^ P™'«i" component of lipoproteins, plavs an 
essential role in hp.d metabolism. For example, it is involved with cholesterol transpon. 



W0 9«a9431 



-27- 



PCT/US96A)3«51 



metabolism of lipoprotein particles, immimoregulation and activation of a number of lipolyti 
enzymes. 

There are three common isofoims of human Apo E (coded by E2. E3 and E4 
alleles). The most conunon is the E3 allele. The E2 allele has been shown to decrease the 
cholesterol level in plasma and therefore may have a protective effect against the 
development of atherosclerosis. Finally, the E4 isofomi has been correlated with increased 
levels of cholesterol, conferring predisposition to atherosclerosis. Therefore, the identity of 
the apo E allele of a panicular individual is an important determinant of risk for the 
development of cardiovascular disease. 

I 

As shown in Figure 19. a sample of DNA encoding apolipoproicin E can be 
obtained from a subject, amplified (e,g. via PCR); and the PCR product can be digested using 
an appropriate enzyme (e.g. Cfol). The restriction digest obtained can then be analyzed by a 
variety of means. As shown in Figure 20. the three isoiypes of apolipoprotein E fE2, E3 and 
E4 have different nucleic acid sequences and therefore also have distinguishable molecular 
weight values. 

As shown in Figure 21A-C. different Apolipoprotein E genotypes exhibit 
different restriction pancms in a 3.5% MetPhor Agarose Gel or 12% polyacrylamidc gel. As 
shown in Figures 22 and 23, the various apolipoprotein E genoi>T>es can also be accurately 
and rapidly detemiined by mass spectrometr>'. 

E x a mple ^ Detection of hepatitis B vir»^ in ^ampli>^ 

MATERIALS AND METHODS 

I 

Sample preparation 

Phenol/cholofomi extraction of viral DNA and the final ethanol precipitation 
was done according to standard protocols. 

First PCR: 

Each reaction was perfomied with 5>al of the DNA preparation from sertim. 
15 pmol of each primer and 2 units Taq DNA polymerase (Perkin Elmer. Weiterstadu 
Gennany) were used. The fmal concenuation of each dNTP was 200^M. the final volume of 
the reaction was 50 ^l. lOx PCR buffer (Perkin Ebner. Weiterstadu Germany) contained 100 
niM Tris-HCL pH 8.3, 500 mM KCl. 15 mM MgCH. 0.01% gelatine (w/v). 
Primer sequenc s: 

Primer 1 : 5'-GCTTTGGGGCATGGACATTGACCCGTATAA - 3 * ( SEQ ID NO , 5 ) 
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PHn»r2:5--CTOACTACTAAXTCCCT=CATGCT=CCTCTO. ,SEQ 10 «0.S, 
Each reaction was pcrfomied either with i .,i «f ,1, <• 

MM Of each .NTPs an. 5 .nOx Pru buff" .^^Tm :„r;rn°*™'°" 
Gen«ny, were used in . fi„^ v^unJjoT ^1^1^"" ^^^'j"^""^- 

pn.gr»n. ^-C for . n,i„u,e. 60-0 forT^i^^a^^;;^^" ""^ 

S«,u«,-, ^e^r . minute and 72"C for 1 minute with 20 cvcJes 

Of o,.,<^„x,.„.,e„,.„ „p,^.^„^ ^, MWG.Bio,«H. eL^.,. 

HB V 1 3 : 5'.TTGCCTGAGTGCAGTATGGT - 3 ■ 

above, ^ JrZn^"' "T* '^'^ ^0 - "^crifc^l 

wuvc; was used. Punficauon was done accorrfincr »k-. r^n • 

done usin, Uloaftee-MC fi,a«ion .^iCt^Z'^T^T 
■be prcccol of d« provide wi* cenrtfi.g..il ."^r^ " 

w^^m^. kTT? "^'"^ " " ' Eppcndorfmb. and .he supe^al 

be a^m"ZT T "™ °--8= from ,he beads can 

E^h ot "T°'°' * °' ""^'^ — 'MilUO UF Pius Miljre. 

Eschbom. Gennany,. Th,s preparation was used for MALDI-TOF MS analysis 

MAI ni.Tpp [^^.j. 

immedi., , ^1' "I.""'-"" "'P""" ^Pl« "older. U>en 

Z^i^ ,r'^" """" ^'--^''-yP-olWc acid 50% 

TnZ't T"" ""™'='-"'" W^™-™— d'ieda.an.biem.e.npcran^and 
Fi^ jr. . ° ^P"-"™- All spec« were Ullcen in posidve ion „^e usin. a 
Fuuug^, MAT V„,on 2000 (Finnigan MAT. Bremen. Oennany, equipped wd, a Jn 
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(5 keV ion source. 20 keV postaccelcmion) and a 337 nm nitrogen laser. Calibration was 
done with a mixture of a 40mer and a I OOmer. Each sample was measured with different 
laser energies. In the negative samples, the PCR product was detected neither with less nor 
with higher laser energies. In the positive samples the PCR product was detected at differcm 
places of the sample spot and also with varying laser energies. 

Result*; 

A nested PCR system was used for the detection of HBV DNA in blood 
samples employing oligonucleotides complementary to the c region of the HBV genome 
(pnmer 1: beginning at map position 1 763. primer 2 beginning at map position 203'' of the 
complementary strand) encoding the HBV core antigen (HBVcAg). DNA was isolated from 
patients serum according to standard protocols. A first PCR was performed with the DNA 
from these preparations using a first set of primers. If HBV DNA was present in the sample a 
1 5 DNA fragment of 269 bp was generated. 

In the second reaction, primers which were complementary to a region within 
the PCR fragment generated in the first PCR were used. If HBV related PCR products were 
present m the first PCR a DNA fragment of 67 bp was generated (see Fig. 25A) in this nested 
PCR. The usage of a nested PCR system for detection provides a high sensitivitv and also 
serves as a specificity control for the external PCR (Rolfs. A. et al.. PCR: Clinical 
Diagnostics and Research, Springer. Heidelberg, 1992). A further advantage is that the 
amount of fragments generated in the second PCR is high enough to ensure an unproblematic 
detection although purification losses can not be avoided. 



20 



5 



The samples were purified using ultrafiltration to remove the primers prior to 
immobilization on sireptavidin Dynabeads. This purification was done because the shorter 
primer fragments were immobilized in higher yield on the beads due to sieric reasons. The 
immobilization was done directly on the ultrafiltration membrane to avoid substance losses 
due to unspecific absorption on the membrane. Following immobilization, the beads were 
washed with ammonium citrate to perform cation exchange (Pieles. U. et a/.. (1993) Nucleic 
Acids Res 2 1 :3 1 9 1 -3 1 96). The immobilized DNA was cleaved from the beads using 25% 
ammonia which allows cleavage of DNA from the beads in a ver>' shon time, but does not 
result in an introduction of sodium cations. 

The nested PCRs and the MALDI TOF analysis were performed without 
knowing the results of serological analysis. Due to the unknown virus titer, each sample of 
the first PCR was used undiluted as template and in a 1:10 dilution, respectively. 
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-rologicia, analysis couid b. pcrfcnned L aLr^^I? """" """"^ "° 

live, disea.. was d.«c«d. ,„ au,oradio^pH '1^"" 
-nple >vas negative. Nevcnhci«s. was some ev dcnc/.'f HB V ^ 
isofinKrestforMALDl.TOFanlavsi, "'"""""f ™V mfectwn. This sample 

Of PCR p^oduos can b. dc« J^l^T " ~ 
P..i«« w*o was cured ofra V^„^„t si f" "^"^ " 
a Chrome acuve HBV i Je^I ' " P-"- 

pc.prpd„c.is':^^it:rs:::rsrr3TanrT"'^ 

15 ge^xared. i, is indeed HBV negative accoJi„'; , I " "° '^'^ 

positive consols are indica-edr^^X^t T^f^' ^ 

■onplaK was used in a 1:10 dilution, to samnleTpc^ ~ °°' 

■cmplate was no, diluttd. TV result ^f ^rp ^ 

o..ainedh.serologicalana,,srerc;rsl^pr^^ 

-^ruene^rjp^^r^Zi^ve'rs'^rr,;::"""-"^^^^ 

Single snanded PCR produc, (calcula ^^20735^?^!: " °^ '^'^ 

*. PCR produc Cleaved fton, U« hea^ tS ma^^L'T T\ """"^ °' 
■»"« is .9 Da ,0.09%). As shown i„ Fig ^5^ ^otlZZ' ^ " 
PCR producu resulting in an unan,higuous"d:^ect! ™'•' ~d a high an.oun, of 

30 Fig ^-l the omol of Prp "j;""'""" ^ ^s dep,c«d in 

Jn, sa„:^eTirr™ :re::^^^^^^^ ''-"--""^ — - 

.075, Oa.calcula,ed:0735: TrirdiZ~;:r;™""^"^ . 
in Fin "-SC r ■ »s lo ua (0.08%). The spectrum depicted 

^cc cd „7„BV L ^S. whereby PCR produc, was 

d r" "°" ™^ -"P'« These resulu 

were reproduced in several independen, experiment. 
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SoecimmffTn- 
MATERIALS AND METHODS 

Oligodeoxynucleotides 

all o:h.r oligonucleotides were s^•„U■esi^ed in 
. pmol scale on a MilliOen 7500 DNA SynUiesi^ .MiUipore. Bedfort. MA fSArusin. 

I-. 1^. 45^9^577). The oligodeoxynucleotides were RP.HPLC^.urifled and deprotected 
»^ord,ng to sta^^ ^.ocols. The biotinytated oligodeoxynucleodde was purchased 
(HPLC-punfied) from Biopetra. Gottingen: Gemumy). - • - v . . ' 

Sequences and calculated masses of the oligonucleotides used- 

OhgodeoxynucleoudeA: 5 « -p-TTGTGCCACGCGGTTGGGAATGTA (752. DaKSEO ID No. 

OligodeoxynucleotideB: 5 ■ -p-AGCAACGACTCTTTGCCCGCCAGTTG (7948 Da) (SEQ ID 
No. 10) 

roNrnr""""^^ ^•-''"-TACATTCCCAACCGCGTCGCRCAAC ,7960 0., (SEO 

Oligod«,xy™«:leoadeD: 5 ■ -p-AACTGGCGOOCAAACaOTCOTTGCT C770.D.„SEQID 

No. 12) • 

J* -Phosphorylation of oligonucleotides A and D 

This was perfonned with polynucleotide kinase (Boehringcr. Mannheim 
German) according to published procedures, the S'-phosphorylated olieonucleotides were 
used unpunfied for LCR. 

Ligase chain reaction 

The LCR was performed with Pfu DNA ligase and a ligase chain reaction kit 
(Stratagene. Heidelberg. Germany) containing two difTerem pBIuescript KII phagemids One 
carrymg the wildtype form of the E.coli loci gene and the other one a mutant of this eene 
with a smgie pomt mutation at bp 1 9 1 of the lac\ gene. 

The following LCR conditions were used for each reaction: 1 00 pg template 
DNA (0.74 fmol) with 500 pg sonified salmon sperm DNA as carrier. 25 ng (3.3 pmol) of 
each y-phosphorylated oligonucleotide. 20 ng (2.5 pmol) of each non-phosphorvlated 
oligonucleotide. 4 U Pfu DNA ligase in a final volume of 20 M buffered bv />/i. DNA liease 
reacuon buffer (Stratagene. Heidelberg. Germany). In a model experimem a chemicali; 
synthesized ss SO-mer was used ( I ftnol) as template, in this case oligo C was also ' 



wo 9609431 

PCT/DS96/0J651 

-32- 



10 



15 



20 



25 



30 



35 



bioiinylaied. AJI reactions were performed in a thcrmocycler (OmniGene. MWG-Biotech 
Ebersberg. Germany) with the following program: 4 minutes 92»C. 2 minutes 60-C and -5 
cycles of 20 seconds 92-C, 40 seconds 60-C. Except for HPLC analysis the biotinvlated" 
ligation educt C was used. In a control experiment the biotinylaied and non-biotinvlated 
oligonucleotides revealed the same gel electrophoretic results. The reactions were'analvzed 
on 7.M polyacrylamide gels. Ligation product 1 (oligo A and B) calculated mass: 1 5450 
Da. ligation product 2 foligo C and D) calculated mass: 15387 Da. 

SMART-HPLC 

Ion exchange HPLC (IE HPLC) was performed on the SMART-svstem 
(Phannacia. Freiburg, Gcnnany) using a Phannacia Mono Q. PC 1 .6/5 column. Eluents were 
buffer A (25 mM Tris-HCL I mM EDTA and 0.3 M NaCI at pH 8.0) and buffer B (same as 
A. but I M NaCl). Starting with 100% A for 5 minutes at a flow rate of 50 ^/min. a gradient 
was applied from 0 to 70% B in 30 minutes, then increased to 100% B in 2 minutes and held 
at 100% B for 5 minutes. Two pooled LCR volumes (40 nl) performed with either wildtype 
or mutant template were injected. 

Sample preparation for MALDI-TOF-MS 

Preparation of immobilized DNA: For the recording of each spectrum two 
LCRs (performed as described above) were pooled and diluted 1 : 1 with 2x B/W buffer ( 1 0 
mM Tris-HCL pH 7.5. ImM EDTA. 2 M NaCl). To the samples 5 strepiavidin 
DynaBeads (Dynal. Hamburg, Germany) were added, the mixnire was allowed to bind with 
genUe shaking for 15 minutes at ambient temperanire. The supernatant vsras removed using a 
Magnetic Panicle Collector. MPC. (Dynal. Hamburg. Germany) and the beads were washed 
twice with 50 Ml of 0.7 M ammonium citrate solution (pH 8.0) (the supernatant was removed 
each time using the MPC). The beads were resuspended in 1m1 of ultrapure water (MilliQ. 
Millipore. Bedford. MA. USA). This suspension was directly used for MALDI-TOF-MS 
analysis as described below. 

Combination of ultrafiltration and strepuvidin DynaBeads: For the recording 
of spectrum two LCRs (performed as described above) were pooled, diluted 1:1 v^ith 2x B/M^ 
buffer and concentrated with a 5000 NMWL Ultrafree-MC filter unit (Millipore. Eschbom. 
Germany) according to the instmctions of the manufacturer. After concentration the samples 
were washed with 300 ^1 Ix Brw buffer to strepiavidin DynaBeads were added. The beads 
were washed once on the Ultrafree-MC filtration unit with 300 m1 of Ix B/W buffer and 
processed as described above. The beads were resuspended in 30 to 50 \i\ of Ix B'W buffer 
and transferred in a 1 .5 ml Eppendorf nibe. The supernatant was removed and the beads 
were washed twice with 50 jil of 0.7 M ammonium citrate (pH 8.0). Finally, the beads were 
washed once wiih30 \x\ of acetone and resuspended in 1 m1 of ultrapure water. The ligation 
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mixture after immobiiizauon on the beads was used for MALDS-TOF-MS analysis as 
described below. 

MALDI-TOF-MS 

A suspension of sireptavidin-coated magnetic beads with the immobilized 
DNA was pipened onto the sample holder, then immediately mixed with 0.5 nl matrix 
solution (0.7 M 3-hydroxypicolinic acid in 50% acetonitrile. 70 mM ammonium citrate). 
This mixture was dried at ambient temperanire and introduced into the mass spectrometer. 
AU spectra were taken in positive ion mode using a Finnigan MAT Vision 2000 (Finnigan 
MAT. Bremen. Gcnnany). equipped with a reflectron (5 keV ion source. 20 keV 
postacceleration) and a nitrogen laser (337 nm). For the analysis of P/u DNA ligase 0.5 ^1 of 
the solution was mixed on the sample holder with 1 ^1 of matrix solution and prepared as 
described above. For the analysis of unpurified LCRs I ^1 of an LCR was mixed with I ^I 
matrix solxition. 

RESULTS AND DISCUSSION 

The £. coli Jacl gene served as a simple model system to investigate the 
suitabiUty of MALDI-TOF-MS as detection method for products generated in ligase chain 
reactions. This template system consists of an Ecoli iacl wildtype gene in a pBluescript KIT 
phagemid and an E. coli Iacl gene canying a single point mutation at bp 1 91 (C to T 
transition) in the same phagemid. Four dififerent oligonucleotides were used, which were 
ligated only if the E. coli Iacl wildtype gene was present (Figure 26). 



LCR conditions were optimized using Pfit DNA ligase to obtain at least 1 
pmol ligation product in each positive reaction. The ligation reactions were analj'zed by 
polyacrylamide gel elecu-ophoresis (PAGE) and HPLC on the SMART system (Figures 27. 
28 and 29). Figure 27 shows a PAGE of a positive LCR with wildtype template (lane I ). a 
negative LCR with mutant template ( 1 and 2) and a negative control which contains enzyme. 
30 oligonucleotides and no template. The gel electrophoresis clearly shows that the ligation 

product (50bp) was produced only in the reaction with wildtype template whereas neither the 
template carr>'ing the point mutation nor the control reaction with salmon sperm DNA 
generated amplification products. In Figure 28. HPLC was used to analyze two pooled LCRs 
with wildtype template performed under Uic same conditions. The ligation product was 
clearly revealed. Figure 29 shows die results of a HPLC in which two pooled negative LCRs 
with mutant template were analyzed. These chromatograms confirm the data shown in 
Figure 27 and the results taken togetiier clearly demonstrate, that the system generates 
ligation products in a sigiuficani amount only if the wildtype template is provided. 
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Appropriate control runs were performed to determine retention umes of the 
different compounds involved in the LCR experiments. These include the four 
Oligonucleotides (A. B. C. and D). a syntheuc ds iO-mer (with the same sequence as the 
hgauon product,, the wild^ template DNA. sonicated salmon sperm DNA and the^^ 
3 DNA hgase m ligation buffer. 

In order to test which purificauon procedure should be used before a LCR 
reacuon can be analyzed by MALDI-TOF-MS. aliquots of an unpurified LCR ma 1 . 
0 MS <^i^ 30B) were anJyzed Z^J^ZT 

0 MS^ It nimed out that appropriate sample preparation is abso.utelv necessarv stc^Lu^Ls 

L ^t^T^' ^ ^ Product are 7^1 Da 

^15450 Da. respecuvelv. The data in Figure 30 show that the enzyme solution leac^'tl 
r^..^ which do interfere with the expected signals of the ligation educts and^lL 
. and thenrfore makes an unambiguous signal assignment impossible. Funhermore the sn^ 
Showed signals of the detergent Tween20 being pan of the e^me sto:^ bX^ cl"^ 
mfluences the crystallization behavior of the analyte/matrix mixture in^ unfavora^ 1. 

In one purification format streptavidin-coated magnetic beads were used. As 
shown m a recent paper, the direct desorption of DNA immobilized bv Watson^rick 
base pamng to a complementaiy DNA fiagmem covalently bound to the beads is possible 

AcuisRes^ .i..l26.3I31). This approach in using immobilized ds DNA ensures that onlv 
^non-biounylated strand will be desori,ed. If non-immobiiized ds DNA is analvzed both 
«rands,aredesori^rrang.K.eLal.,(1994)Aip/^Co^^ Mass Spearom. 7: 183-186) 

leadmg tp broad signals depending on the mass difference ofthe two strands. Therefore 
employing this system for LCR only the non-ligated oligonucleotide A. with a calculated 
mass of 7.21 Da. and the ligation product from oligo A and oligo B (calculated mass: 1 5450 
Da, will be desorbed if oligo C is bio.inylated at the 5--end and immobilized on steptavidin- 
coated beads. This results in a simple and unambiguous identification of the LCR educts and 
products. 

Figure 3 1 A shows a M ALDI-TOF mass specu^ obtained from two pooled 
LCRs (performed as described above, purified on streptavidin DynaBeads and desori^ed 
directly from the beads showed that the purification method used was efficient (compared 
with Figure 30,. A signal which represents the unligated oligo A and a signal which 
comrsponds to the ligation produa could be detected. The agreement between the calculated 
and the expenmentally found mass values is remarkable and allows an unambiguous peak 
assignmem and accurate detection of the ligation product. In contrast, no ligation product but 
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only oligo A could be detected in the spcctnim obtained from rwo pooled LCRs with mutated 
template (Figure 3 1 B). The specificity and selectivity of the LCR conditions and the 
sensitivity of the MALDI-TOF detection is further demonstrated when perfonning the 
ligation reaction in the absence of a specific template. Figure 32 shows a spectrum obtained 
from two pooled LCRs in which only salmon sperm DNA was used as a negative control, 
only oligo A could be detected, as expected. 

While the results shown in Figure 3 1 A can be correlated to lane 1 of the gel in 
Figure 27. the spcctrxmi shown in Figure 3 IB is equivalent to lane 2 in Figure 27, and finally 
also the spectrum in Figure 32 corresponds to lane 3 in Figure 27. The results are in 
congruence with the HPLC anilysis presented in Figures 28 and 29. While both gel 
electrophoresis (Figure 27) and HPLC (Figures 28 and 29) reveal either an excess or almost 
equal amounts of ligation product over ligation educts. the analysis by MALDI-TOF mass 
spectrometry produces a smaller signal for the ligation product (Figure 3 1 A). 

The lower intensity of the ligation product signal could be due to different 
desorption/ionization efTiciencics between 24- and a 50-mer. Since the value of a duplex 
with 50 compared to 24 base pairs is significanUy higher, more 24-mer could be desorbed, A 
reduction in signal intensity can also resuh from a higher degree of fragmentation in case of 
the longer oligonucleotides. 

Regardless of the purification with streptavidin DynaBeads. Figure 32 reveals 
traces of Tween20 in the region around 2000 Da. Substances with a viscous consistence, 
negatively influence the process of crystallization and therefore can be detrimental to mass 
spectrometer analysis. Twcen20 and also glycerol which are pan of enzyme storage buffers 
therefore should be removed entirely prior to mass spectrometer analysis. For this reason an 
improved purification procedure which includes an additional ultrafiltration step prior to 
treatment with DynaBeads was investigated. Indeed, this sample purification resulted in a 
significant improvement of MALDI-TOF mass specwomemc performance. 

Figure 33 shows spcco^ obtained from two pooled positive (33 A) and 
negative (338) LCRs. respectively. The positive reaction was performed with a chemically 
synthesized, single strand SOmer as template with a sequence equivalent to the ligation 
product of oligo C and D. Oligo C was 5'-biounylated. Therefore the template was not 
detected. As expected, only the ligation product of Oligo A and B (calculated mass 15450 
Da) could be desorbed from the immobilized and ligated oligo C and D. This newly 
generated DNA fragment is represented by the mass signal of 1 5448 Da in Figure 33 A. 
Compared to Figure 32.A. this spectrum clearly shows that this method of sample preparation 
pr duces signals with improved resolution and intensity. 
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^^P'" ' Mut a rion dnrrrinn hv ^nlid nhr^.r olim h... c.„„ .r, ^^^ ^^ 

analysis hv MAT ni.TOF ^rr»T,rn,. 

5i//nmari' 

The solid-phase oligo base extension method detects point mutations and 
small deletions as well as small insenions in amplified DNA. The method is based on the 
e«ens.on of a detection primer that anneals adjacent to a variable nucleotide position on an 
affimty-captured amplified template, using a DNA polymerase, a mixture of three dNTPs 
and the missing one didesoxy nucleotide. Tlie resulting products are evaluate and resolved 
by MALDI-TOF mass spectrometry without further labeling procedures. The aim of the 
following experimem was to detennine mutant and xvildtype alleles in a fast and reliable 
manner. 

Description of the experimem 

The method used a single detection primer followed bv a oligonucleoude 
extension step to give products differing in length by some bases specific fo^r mutant or 
wildtype alleles which can be easily resolved by MALDI-TOF mass spectrometry The 
method IS described by using an example the exon 10 of the CFTR-gene. Exon I'o of this 
gene bears the most common mutation in many ethnic groups (AF508) that leads in the 
homozygous state to the clinical phenotype of cystic fibrosis. 

MATERIALS AND METHODS 
Genomic DNA 

Genomic DNA were obtained from healthy individuals, individuals 
homozi^gous or heterozygous for the AF508 mutation, and one individual heterozygous for 
the 1506S mutation. The wildtype and mutant alleles were confirmed by standard Sanger 
sequencing. 

PCR amplification of exon 10 oJ the CFTR gene 
The primers for PCR amplification were CFExIO-F (5- 
GCAAGTGAATCCTGAGCGTG-3' (SEQ ID No. 13) located in intron 9 and biotinvlated) 
and CFExlO-R f5 -GTGTGAAGGGCGTG-3'. (SEQ ID No. 14) located in intron 10). 
Primers were used in a concentration of 8 pmol. Taq-polymerase including lOx buffer were 
purchased from Boehringer-Mannheim and dTNPs were obtained from Pharmacia. The total 
reaction volume was 50 ^1. Cycling condiuons for PCR were initially 5 min. at 95»C. 
followed by I min. at 94«C. 45 sec at 53«C. and 30 sec at 72»C for 40 cycles with a final 
extension tim eof 5 min at 72°C. 
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Purification of the PCR products 

Amplification products were purified by using Qiagen's PCR purification kit 
(No. 28106) according to manufacturer's instructions. The elution of the purified products 
from the column was done in 50 ^il TE-buffer ( 1 OmM Tris. I mM EDTA. pH 7.5). 

Affinity-capture and denaturation of the double stranded DNA 
10 ^L aliquots of the purified PCR product were uansferred to one well of a 
streptavidin-coated microtiter plate fNo. 1645684 Boehringer-Mannheim or Noo. 95029262 
Labsysicms), SubsequenUy. 10 ^I incubation buffer (80 mM sodium phosphate. 400 mM 
NaCl. 0,4% Tween20, pH 7,5) and 30 jil water were added. After incubation for 1 hour at 
room temperature the wells were washed three times with 200^1 washing buffer (40 mM Tris. 
1 mM EDTA. 50 mM NaCl. 0. 1% Tween 20, pH8,8). To denaturaie the double stranded 
DNA the wells were urated with 100 ^l of a 50 mM NaOH solution for 3 min. Hence, the 
wells were washed three times with 200 \x\ washing buffer. 

Oligo base extension reaction 

The annealing of 25 pmol detection primer (CF508: 
5'CTATATTCATCATAGGAAACACCA-3* (SEQ ID No. 15) was pcnbrmed in 50 ^1 
annealing buffer (20 mM Tris, 10 mM FCCU 10 mM (NH4)2S04, 2 mM MgSO, 1% Triton 
X-100, pH 8, 75) at 50**C for 10 min. The wells were washed three times with 200 ^l 
washing buffer and oncein 200 ^l TE buffer. The extension reaction was performed by using 
some components of the DNA sequencing kit fix)m USB (No, 70770) and dNTPs or ddNTPs 
from Phamiacia. The total reaction voiimie was 45 jil. consisting of 21 ^l water. 6 ^I 
Sequenase-buffcr. 3 nl 10 mM DTT solution, 4,5 ^L 0.5 mM of three dNTPs, 4,5 ^L 2 mM 
the missing one ddNTP, 5.5 ^1 glycerol enzyme diluton buffer, 0,25 ^l Sequenase 2.0, and 
0,25 pyrophosphatase. The reaction was pipetted on ice and then incubated for 1 5 min at 
room temperature and for 5 min at 37®C. Hence, the wells were washed three times with 200 
\i\ washing buffer and once with 60 ^l of a 70 mM NH4-Citrate solution. 

Denaturation and precipitation o f the extended primer 
The extended primer was denatured in 50 ^l 10%-DMSO (dimethylsufoxide) 
in water at 80*^0 for 10 min. For precipitation. 10 \x\ NH4-Acetat (pH 6.5), 0,5 ^1 glycogen 
(10 mg/ml water, Sigma No. G1765), and 100 pi absolute ethanol were added to the 
supernatant and incubated for 1 hour at room temperature. After centrifiigation at 13.000 g 
for 10 min the pellet was washed in 70% ethanol and resuspended in 1 ^1 18 Mohm/cm H2O 
water. 

Sample preparation and analysis on MALDI-TOF mass spectrometry 
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open the window of multiplexing and lead to a high throughput including high quality in 
geneuc diagnosis without any need for exact stringencies necessary in comparable allele- 
sp^fic procedures. Because of the uniqueness of the genetic information, the oligo base 
~n of „.«3non detection primer is applicable in each disease gene or polymorphic 
region .n the genome like variable number of tandem repeats ( VNTR) or other JinJ 
nucleoude polymorphisms (e.g.. apolipoprotein E gene). 

Example 8: Detection of Polymerase Chain Reaction Products Containing 7- 

Deazapurine Moieties with Matrix-Assisted Laser Desorption/Ionization 
Time-of-FIight (MALDI-TOF) Mass Spectrometrv 

MATERIALS AND METHODS 



PCR amplifications 

'^'■°''''"*"8<'«8<'<'«'><yn"«:l«udeprimerjw« cither synthesized 
vol 4.Pp 5IM3-5846: Swh^^.D..^A..^^n4) NucUic AcUb Res..yJ6l. 12. Pn 4539- 

^ r ' "^"^ ^"^^ "^'^> - ™« 

putchased ^ MWO-Biotech (Ebersberg. G«„«„. pri„,„ 35 ^ 

(uoetungen. Germany, primers 6-7). 

primer I S'-GTCACCCTCGACCTGCAG (SEQ. ID. NO 1 6)- 

pnmer 2. 5'.TTGTAAAACGACC<}CCAGT (SEQ. ID. NO 1 7) 

pnmer3: 5'-CTTCCACCGCGATGTTGA (SEQ. ID. NO 18)- 

pruner 4: S'-CAGGAAACAGCTATGAC (SEQ. ID. NO 19)- 

pnmer 5: S'-GTAAAACGACGGCCAGT (SEQ. ID. NO 20)- 

prmier 6. 5'-GTCACCCTCGACCTGCAgC (g: RiboG) (SEQ. ID. NO ^1) 

pnmer 7: o'-GirGTAAAACGAGGGCCAgT (g: RiboG) (SEQ. ID. NO. 22); 

The 99.mer and 200-mer DNA strands (modified and unmodified) as well as 
the nbo- and 7-deaza.modified 1 00-mer were amplified from pRFcl DN A ( 1 0 ng. generouslv 
supphed S. Feyerabend. University of Hamburg) in 100 ^L reaction volume containing 10 * 
mmol/L KCl. 10 mmoI/L (UlU)2SO^. 20 mmol4. Tris HCI (pH = 8.8), 2 mmol/L MgS04 
if^m-jPseudococcusMiosusyPfu, -Buffer. Pharmacia, Freiburg. Germany). 0.2 mmolA. 
each dNTP (Pharmacia. Freiburg. Germany). | ^mol/L of each primer and I unit of exo<-)/«A 
DNA polymerase (Siratagene. Heidelberg. Germany). 
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5 Germany) using the cvcle: denaturation at 95 »r f«r i .. toersberB. 

•.^uuuiMion at y3 L tor I mm., annealine at 51^ Tr.- i 

rcacaon was allowed ,o «.=nd for addh.c„al , 0 n,.„. a, n'C after U,e J^ct 

using primers 4 and 5 all other concenttarions w^^TTc H tT 
using UK cycle: denan^on a. ,5-0 for 1 Z:Z:X'^J^r7rZ Z'^ 
a. 72'C for 1 „,„. After 30 cycles for U,e u„n,o<lified ^^111^1::^™ 
n.errespec,ively.U,e samples were i„cuba,ed for addiuonal lO.! a^^^C 

5vm/.«ij o/ f-p^-P].labeUd PCR-primm 

(Epicentre Te.^T" '."t" T ""P'oxing T4-polynucleoddkinas. 

» d^rtllfr r'"' ''^ '«^"'NOO"02A. Dupon,. Gennanv, according 

»Ae pn,u«ob of *e n«nu&cm«r. n„ reactions were performed subsdniting 0% of 

^ I and 4 ,„ PCR w,ti, *e labeled prtaers under oUterwis. .mchanged reaLon. 

r^^??'J- ^ "'i-- »d counted on a Paclcard TO- 

CAKB 460C hqiud scmuUauon system (Packard. CT. USA). 

P'-imer-cleavage/romribo.modifiedPCR.produci 

NMWlV , "^^T^ ^""^ ^"^^'"'^ Ultraf«e.MC filter units (30.000 

NMWL). u was then redissclved in 100 m of 0.2 mol/L NaOH and heated at 95»C for 25 

Mrntrop'^'"'"""'''^""''^^^^^ ntol/L) and further purified for 

MALDI-TOF analysis employmg Ultrafree-MC filter un.ts ( 10.000 NMWL) as described 



Purification of PCR products 



^rM^;L1 ,^.■„■ -^^n^n^ted using Ultrafree-MC units 30000 

Z^r '^n. ^° nianufacturer s description. .After 

b^ophihsauon. PCR products were redissolved in 5 ^xL (3 ^L for the 200.mer) of ultrapuxe 
water. This analyte solution was directly used for MALDNTOF measurements. 



MALDI-TOF MS 
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Aliquots of 0.5 of analyte solution and 0.5 nL of matrix solution (0 7 
mol/L 3.HPA and 0.07 moI/L ammonium citrate in acetonitrile/water (1:1. v/v)) were mixed 
on a Hat metaJIic sample support After drying at ambient temperature the sample was 
introduced into the mass spectrometer for analysis. The MALDI-TOF mass spectrometer 
used was a Finnigan MAT Vision 2000 CFinnigan MAT. Bremen. Gemianv). Spectra were 
recorded m the positive ion reflector mode with a 5 keV ion source and 20 keV 
postacceleration. The instnmiem was equipped with a nitrogen laser (337 nm wavelength) 
TTie vacuum of the system was 3-4.10-8 hPa in the analyzer region and 1-4.10-7 hPa in the 
source region. Spectra of modified and unmodified DNA samples were obtained with the 
same relauve laser power, external calibration was performed with a mixture of svnthetic 
oligodeoxynucleotides (7-to50-mer). ' 

RESULTS AND DISCUSSION 

Enzymatic synthesis qfJ^azapurine nucleotide containing nucleic 
acids by PCR 

In order to demonstrate the feasibility of MALDI-TOF MS for the rapid, gel- 
free analysis of sfaon PCR products and to Investigate the effect of T-deazapurine 
modification of nucleic acids under MALDI-TOF conditions, two different primertemplate 
systems were used to synthesize DNA fragments. Sequences are displayed in Figures 36 and 
j7. While the two single strands of the 103.mer PCR product had neiy equal masses (Am= 
8 u), the two single strands of the 99-mer differed by 526 u. 

Considering that 7.deaza purine nucleotide building blocks for chemical DNA 
synthesis are approximately 160 times more expensive than regular ones (Product 
Information. Glen Research Corporation. Sterling. VA) and their application in standanl p- 
cyano-phosphoamidite chemistry is not trivial (Product Information. Glen Research 
Corporation. Steriing. VA: Schneider . K and B.T. Chait (1995) Nucleic Acids Res.22. 1 570) 
the cost of 7.deaza purine modified primers would be very high. Therefore, to increase the 
applicability and scope of the method, all PCRs were performed using unmodified 
oligonucleotide primers which are routinely available. Substituting dATP and dGTP by c"- 
dATP and c'^GTP in pol.vmerase chain reaction led to products containing approximaielv 
80% 7-deaza-purine modified nucleosides for the 99.mer and 103-men and about 90% for the 
200-mer. respectively. Table I shows the base composition of all PCR products. 
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TABLE I: 

Blue composition of the 99.mer. lOS-mer and 200.a.er PCR amplification products 
(unmodified and 7^eaza purine modified) 



DNA-fragmenis ' 


C 


T 


>\ 


\j 


^OO-mcrs 


54 


34 


<A 
jO 


56 


modified 200-mcr s 


54 


34 


6 


5 


200.mera 


56 


56 


34 


54 


modified 200-mer a 


56 


56 


3 


4 


I03*fners 


28 


23 


24 


28 


modified 103<emers 


28 


23 


6 


5 


103-ffnera 


28 


24 


23 


28 


modified 103-fnera 


28 


24 


7 


4 


99-mer s 


34 


21 


24 


20 


modified W-mer s 


34 


21 


6 


5 


^9-fner a 


20 


24 


21 


34 


modified 99-fner a 


20 


24 




4 



c ^»deaza*A c ^*deaza*r. 



50 



18 



16 



18 



18 



51 



50 



24 



15 



30 



rei. modification* 



90% 



92«/i 



79% 



78% 



75% 



87% 



"s" and "a" describe "sense" and "antisense" strands of the double-stranded PCR product, 
mdacates relative modification as percentage of 7-deaza purine modified nucleotides of total 
amount of purine nucleotides. 



However, it remained to be determined whether 80-90% 7-deaza.purine 
modification is sufBciem for accurate mass spectrometer detection. It was therefore 
important to determine whether aU purine nucleotides could be substimted during the 
enzymauc amplification step. This was not trivial since it had been shown that c^^TP 
cannot fiilly replace dATP in PCR if 70^ DNA polymerase is emploved (Seela. F. and A 
Roelling (1992) Nucleic Acids Res.. 20.55-61). Fortunately we found that exo(-)/>/« DNA 
polymerase indeed could accept c^-dATP and c^^GTP in the absence of unmodified purine 
triphosphates. However, the incorporation was less efficient leading to a lower vield of PCR 
product (Figure 38). Ethidium-bromide stains by intercalation with the stacked bases of the 
DNA-doublestrand. Therefore lower band intensities in the ethidium-bromide stained gel 
might be anifacts since the modified DNA-stnmds do not necessarily need to give the same 
band intensities as the unmodified ones. 



To venfy- these results, the PCRs with f32p].|abeled primers were repeated. 
The autoradiogram (Figure 39) dearly shows lower yields for the modified PCR-products 
The bands were excised from the gel and counted. For ail PCR products the vield of the 
modified nucleic acids was about 50%. referring to the corresponding unmodified 
amphficauon product. Further experiments showed that exo(.)£>eep^^m and Vent DNA 
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Mym«3.w« able ■o,ncon»,a«c'^TP„dc'KlGTP during PCR« well T,, .. 
perforaance. however, turned ow .o be best for rte exo(-)/.& nis,! , 

«de prcdocB during »,pUfic»on. Using all <h^ '"'•'""^ ^"'"^ 

«nplovi„g c'^rp and c'^iOTP u«Z „fL Po>ym^ „ was found U,a, sucl, PCRs 

5 . Cleaner PCR,™,^,. Dec^^^f^r^r ^'-^ 
explained bv a reduction of^^ of «„pl,ficaaon side produce may be 

^PCR. ^-^-n^.UngpT^or'r.ZTexTrrit"'""*'^ 
<ie«ribed (Mizusawa. S. « al f 19S6) IV^, 7v '■^«=-P"nne have 

'0 "*=*«^'.v™ specified a.^«7«^tCt^^^^^ 

polymerase and exo(-) (/>A. bwA o„.v-l- . ^ polvmerase. Vera DNa 

« *. Large Klenj:^ f^ofZ ^^', '! " '^"'^'^ ^<^>y^ such 

RNA polvn,«ases. such as fte SP6 7^^^ * " 
15 "°"T7'«NA polymerase, must be used 



T<!^J°'''^ «*"""""0'<./»o<«»ed w «m,o</e«erf /.« 

20 T0FMs.B.s^„'!;:i;2:rr''T""'^'''^'^'^"-'^^^'^'- 

laser ene^^^ 1"" l"own d», ti« degree of depurination depends on 

spec^^werem^r^rrrr:;,:"-""^'-^^^^^^ 

' .03-.cr„ucleir^rro"Lt:dLT3™*'""'«'^-'^^ 
(M*Hr Signal. The maximum of d,e^"s sWftedT,o?"~ ' 

^punnanon. « substanoally reduced. Hence. *e difference between measured and 
ca^ed mass ts strongly reduced ..Uu>ugh 1, is sUlI below the expected mass. For U,e 
™»d.fied sample a (M^Hr signal of 3 1670 was observed. whichTa 97 u or 0 3% 
difference to the calcuJated mass WhiU !« ^ u « a if / u or u. j /« 
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maximum, fWhm). Because of the low mass difference between the two single strands (8 u) 
their individual signals were not resolved. 

With the results of the 99 base pair DNA fragments the effects of increased 
mass resolution for T-deazapurine containing DNA becomes even more evident. The two 
single strands in the unmodified sample were not resolved even though the mass difference 
between the two strands of die PCR product was very high with 526 u due to unequal 
distribution of purines and pyrimidines {figure 41a). In contrast to this, the modified DNA 
showed distinct peaks for the two single strands (figure 4lb) which makes the superiority of 
this approach for the determination of molecular weights to gel electrophoretic mediods even 
more profound. Although base line resolution was not obtained the individual masses were 
abled 10 be assigned with an accuracy of 0.1%: Am - 27 u for the lighter (calc. mass = 30224 
u) and Am = 14 u for the heavier strand (calc. mass = 30750 u). Again, it was found that the 
full width at half maximum was substantially decreased for the 7^eazapurine containing 
sample. 

In case of both the 99-mer and 103-merthe 7Kleazapurine containing nucleic 
acids seem to give higher sensitivity despite the fact that they still contain about 20% 
unmodified purine nucleotides. To get comparable signal-to-noise ratio at similar intensities 
for the (M+H)* signals, the unmodified 99-mer required 20 laser shots in contrast to 12 for 
the modified one and the 103-mer required 12 shots for the unmodified sample as opposed to 
three for the 7-deazapurine nucleoside-containing PCR product. 

Comparing the spectra of the modified and unmodified 200-mer amplicons. 
improved mass resolution was again found for the 7-dea2apurine containing sample as well 
as increased signal intensities (figures 42a and 42b). While the signal of the single strands 
predominates in the spectrum of the modified sample the DNA-suplex and dimers of the 
single strands gave the strongest signal for the unmodified sample. 

A complete 7-deaza purine modification of nucleic acids may be achieved 
either using modified primers in PCR or cleaving the unmodified primers from the partially 
modified PCR product. Since disadvantages are associated with modified primers, as 
described above, a lOO-mer was synthesized using primers with a ribo-modification. The 
primers were cleaved hydrolytically with NaOH according to a method developed eariier in 
our laboratory (Koesier. H. et al.. Z Physiol. Chem.. 359. 1570-1589). Figures lOa and lOb 
display the spectra of the PCR product before and after primer cleavage. Figure I Ob shows 
that the hydrolysis was successful: Both hydrolyzed PCR product as well as the two released 
primers could be detected together with a small signal from residual undeaved lOO-mer. 
This procedure is especially useful for the MALDI-TOF analysis of very shon PCR-products 
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Since the share of unmodified purines originating from the primer increases with decreasing 
length of the amplified sequence. 

The remarkable properties of 7-deazapurine modified nucleic acids can be 
explained by either more effective desorption and/or ionization, increased ion stability and/or 
a lower denaniration energy of the double stranded purine modified nucleic acid. The 
exchange of the N-7 for a methine group results in the loss of one acceptor for a hvdroeen 
bond which influences the ability of the nucleic acid to form secondary structures due io non- 
Watson-Crick base pairing (Seela. F. and A. Kehne (1987) Biochemisin: 26. 2232-2238.). 
which should be a reason for better desorption during the MALDI process. In addition to this 
the aromatic system of T-deazapurine has a lower electron density that weakens Watson- 
Crick base pairing resulting in a decreased melting point (Mizusawa. S. et al.. (1986) Nudeic 
AcidsRes., 14. 1319-1324) of the double-strand. This effect may decrease the energy needed 
for denaturaiion of the duplex in the MALDI process. These aspects as well as the loss of a 
site which probably will cany a positive charge on the N-7 nitrogen renders the 7- 
deazapurine modified nucleic acid less polar and may promote the effectiveness of 
desorption. 



Because of the absence of N-7 as proton acceptor and the decreased 
polarizaiton of the C-N bond in T-deazapurine nucleosides depurination following the 
mechanisms established for hydrolysis in solution is pirvented. Although a direct correlation 
of reactions in solution and in the gas phase is problematic less fragmentation due to 
depurination of the modified nucleic acids can be expected in the MALDI process. 
Depurination may either be accompanied by loss of charge which decreases the total yield of 
charged species or it may produce charged fragmentation products which decreases the 
intensity of the non fragmented moiectilar ion signal. 

The observation of both increased sensitivity and decreased peak tailing of the 
(M+H)-" signals on the lower mass side due to decreased fragmentation of the 7-deazapurine 
containing samples indicate that the N-7 atom indeed is essential for the mechanism of 
depurination in the MALDI-TOF process. In conclusion. 7-deazapurine containing nucleic 
acids show distinctly increased ion-stability and sensitivity under MALDI-TOF conditions 
and therefore provide for higher mass accuracy and mass resolution. 

Example 9: Solid State Sequencing and Mass Spectrometer Detection 



MATERIALS AND METHODS 
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Oligonucleotides were purchased from Operon Technologies (Alameda. CA) 
.n an unpunfied form. Sequencing reactions were performed on a solid surface usine 
n^en^ from the sequencing kit for Sequenase Version 2.0 ( Amersham. Arl.ngton Heights 



5 

Sequencing complex; 

10 



5'-TCTGGCGTGGTGCAGGGCCTATTGTAGTTGTGACGTACA-(Ab) .y 
rDNAl 1683) (SEQ. ID. No. 23) * 



15 



20 



25 



30 



J3 



(PNA.6/DNA, 3TCAACACTGCATGT.5- 

(SEQ. ID. No. 24) 

was . -b.ounyiated by terminal deoxynucleotidyl transferase. A 30 m reaction, containing 60 
pmolof DNAl 1683. ,.3 nmo. of biotin I4-dATP (GIBCO BRL. Grand Island, NY), 3^. 
of termmal transferase (Amersham, Arlington Heights, niinois), and 1 x reaction buffer 
(supphed with enzyme), was incubated at 37-C for 1 hour. The reaction was stopped bv heat 
macu^^uon of the terminal transferase at 70-C for 10 min. resulting product was ' 

.^^""^ "^"^ a TC-1 0 spin column (Clonctcch). More than one molecules of 
b.otm-14^TP could be added to the 3-.end of DNAI 1683. The biounvlated DNAl ,683 
was mcubated with 0.3 mg of Dynal strepcavidin beads in 30 m Ix bindmg and washing 
buffer at ambient temperature for 30 min. TT,e beads were washed twice with TE and 
rcdissolved in 30 ^1 TE. 10 m aliquot (containing 0. 1 mg of beads) was used for sequencine 
reactions. 

The 0.1 mg beads from previous step were resuspended in a 10^1 volume 
coniainmg 2 ^1 of 5x Sequenase buffer (200 mM Tris-HCl. pH 7.5. 100 mM MgC12. and 250 
mM NaCl) from the Sequenase kit and 5 pmol of corresponding primer PNA 1 6/DN A The 
anncahng mixture was heated to 70-C and allowed to cool slowly to room temperature over a 
-0-.0 mm time period. Then 1 ^xl 0. 1 M dithiothreitol solution. I ^1 Mn buffer (0. 1 5 M 
sodium isocitrate and 0.1 M McCl2). and 2 m of diluted Sequenase (3.25 units) were added. 
The reaction mixture was divided into four aliquots of 3 m each and mixed with termination 
mixes (each consists of 3 ^l of the appropriate termination mix. 32 c7dATP 3-> ^M 
dCTP. 32 ^M c7dGTP. 32 uM dPTP and 3.2 of one of the four ddTOPs. in 50 mM 
NaCl). The reaction mixtures were incubated at 37-C for 2 min. After the completion of 
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30 



cxtc^on. the beads were precipitated and the supernatant was removed. The beads were 
washed twice and resuspended in TE and kept at 4<»C. 

5 

Sequencing complex: 

5VAAGATCTGACCAGGGATTCGGTTAGCGTGACTGCTGCTGCTGCTGCTGCTGC 

N0 26, ^'-^-^^^^^^^CGTAGTCS. (CMI) (SEQ. ID. 

'5 ^^^""^^^L^M^ was biotinylated and sequenced using procedures 

similar to those described in previous section (sequencing a 3^ target) 

^ Sequencing complex: 

5-F-GATGATCCGACGCATCACAGCTC3-(SEQ.ID No ^7) 
--b^ACTAGGCTGCGTAGTGTCGAGAACCTTGGCT3'(SEQ. ID. No. 28) 

Norwav. hv ^^^^^^^^^ inunobilized on Dynabeads M280 with streptavidin fDynal. 
Non^>) by mcubaung 60 pmol of CM1B3B with 0.3 magnetic beads in 30 ^ IM NaCl and 

^ce T^' T T7 .'"''"^ " """^ --^^^ 
^cvv.thTEandred.ssoIved.n30MlTE. 10 or 20 m aliquot (containing 0.1 or0.2mgof 
beads respecuvely) was used for sequencing reactions. 

The duplex was formed by annealing corresponding aliquot of beads from 
previous step with 10 pmol of DFl la5F (or 20 pmol of DPI la5F for 0.2 mg of beads) in a 9 
Ml volume containing 2 m1 of 5x Sequenase buffer (200 mM Tris-HCl. pH 7.5. 100 mM 

' T "'^'^ '"'"^"^ "'^ ^^-^ ™— - 65 

C and allowed to C90I slowly to 37-C over a 20-30 min time period. The duplex primer was 

U^cn mixed wtth 10 pmol of TSlo (20 pmol of TS 10 for 0.2 mg of beads) in 1 ^ volume, and 
the resulung mixture was further incubated at 37oc for 5 min. room temperanire for 5-10 
aTJ^r^l Mdithiothreitol solution. 1 m Mn buffer (0. 1 5 M sodium isocitrate and 

0- 1 M MnCl,). and 2 ^ of diluted Sequenase (3:25 units) were added. The reaction mixture 
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was divided inio four aliquots of 3 ^ each and mixed with termination mixes (each consists 
of 4 Ml of the appropriate termination mix: 16 dATP. 16 nM dCTP. 16 dGTP 16 a 
M dTTP and 1 .6 of one of the four ddNTPs. in 50 mM NaCl). The reaction mixtures 
were incubated at room temperamre for 5 min. and 37-C for 5 min. After the completion of 
3 extension, the beads were precipitated and the supernatant was removed. The beads were 
resuspended in 20 ^1 TE and kept at 4-C. .An aliquot of 2 m1 (out of 20 mI) from each tube 
was taken and mixed with 8 ^1 of formamide. the resulting samples were denatured at 90.95» 
C for . mm and 2 (out of 10 m total) was applied to an ALF DNA sequencer (Pharmacia. 
Piscataway. NJ) using a 10% polyacr>'lamide gel containing 7 M urea and 0.6x TBE The 
1 0 remaining aliquot was used for MALDI-TOFMS analysis. 

MALDI sample prepararion and instrumentation 

Before MALDI analysis, the sequencing ladder loaded magnetic beads were 
washed twice using 50 mM ammonium citrate and resuspended in 0.5 mI pure water The 
suspension was then loaded onto the sample target of the mass spectrometer and 0 5 ul of 
saturated matrix solution (S-hydropicoIinic acid (HPA): ammonium citrate = 10: 1 mole ratio 
m 50% acetonitrile) was added. The mixmre was allowed to dry prior to mass spectometer 
analvsis. 



15 



20 



25 



30 



TTie reflectron TOFMS mass spectrometer (Vision 2000, Finnigan MAT 
Bremen. Germany) was used for analysis. 5 kV was applied in the ion source and 20 kV was 
applied for postacceleration. All spectra were taken in the positive ion mode and a mtrogen 
laser was used. NormaUy. each spectrum was averaged for more than 1 00 shots and a 
standard 25-point smoothing was ^iplied. 

RESULTS AND DISCUSSIONS 



Conventional solid-state sequencing 

In convemional sequencing methods, a primer is directly annealed to the 
template and then extended and terminated in a Sanger dideoxy sequencing. Normally, a 
biotinylated primer is used and the sequencing ladders are captured by streptavidin-coated 
magnetic beads. After washing, die products are eluied from the beads using EDTA and 
formamide. However, our previous findings indicated that only the annealed strand of a 
duplex is desorbed and the immobilized strand remains on the beads. Therefore, it is 
35 advantageous to immobilize the template and anneal the primer. After the sequencing 
reaction and washing, the beads with the immobilized template and annealed sequencing 
ladder can be loaded directly onto the mass spectrometer target and mix with matrix. In 
MALDI. only the annealed sequencing ladder will be desorbed and ionized, and the 
immobilized template will remain on the target. 
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A 39-mcr template (SEQ. ID. No. 23) was fim biotinvlaied at the 3' end bv 
adding b.otin.l4^TP with temiinal transferase. More than one biotin.l4KiATP molecule 
could be added by the enzyme. However, since the template was immobilized and remained 
on the beads during MALDL the number of biotin.l4^TP would not affect the mass 
spectra. A 14.mcr primer (SEQ. ID. No. 29) was used for the solid-state sequencing 
MALDI-TOF mass spectra of the four sequencing ladders are shown in Figure 34 and the 
expected theoretical values are shown in Table II. 



Table II 



4223.8 
4521.0 

5123.4 
5436.6 



r-TCTGGCCTCCTGCAGGOCCTATTGTACrrrGTGACCTACA-<A»»)„.3' 

3'*TCAACACTGCATGT-3- 
3-.ATCAACACTGCATGT.5' 
3'-CATCAACACTGCATGT.5- 
3--ACATCAACACTGCATGT-5' 
3-.AACATCAACACTCCATGT-5' 
3'.TAACATCAACACTGCATGT.5' 
3--ATAACATCAACACTGCATCT.5- 6054.0 
3--GATAACATCAACACTGCATCT.r 
r<KjATAACATCAACACTCCATGT.y 
3'.CGGATAACATCAACACTGCATGT.5- 
y-CCGGATAACATCAACACTGCATGT.5- 
3-CCCCGATAACATCAACACTGCATGT.r 
3'.TCCCGGATAACATCAACACTGCATGT-5' 
3*-GTCCCCGATAACATCAACACTGCATGT.5* 
3-^GTCCCGGATAACATCAACACTGCATGT-5* 
3-ACGTCCCGGATAACATCAACACTGCATGT-5' 
3.CACGTCCCGGATAACATCAACACTGCATGT.5' 
3-CCACGTCCCCGATAACATCAACACTGCATGT-5' 
3'.ACCACGTCCCGCATAACATCAACACTGCATGT-5* 
3-GACCACGTCCCGGATAACATCAACACTCCATGT-5' 
3<iGACCACGTCCCGGATAACATCAACACTGCATGT-5 
3-CGGACCACGTCCCGGATAACATCAACACTGCATGT-5- 
3X:CGGACCACGTCCCGGATAACATCAACACTGCATGT.5* 
3'.ACCGGACCACGTCCCGGATAACATCAACACTGCATGT-5' 
3-GACCGGACCACGTCCCGGATAACATCAACACTGCATGT-5 
3-AGACCGGACCACCTCCCGGATAACATCAACACTGCATGT.5- 11 899.8 



A-fwction C-reaaiofi G-rcaciion T-reaaion 



8815.8 



97074 



I 1257.4 



4223.8 



^10.2 



7001.6 
7290.8 
758O.0 



8502.6 

9105.0 
9394.2 



10655.0 
10944.2 



4223.8 



4223-8 



5740.8 



63S3.2 
6712,4 



7884.2 



8213.4 



10036.6 
10365.8 



11586 6 



W 96/29431 



-50. 



PCT/US9«A)3«5i 



The sequencing reaction produced a relatively homogenous ladder, and the 
ftiU-lengih sequence was determined easily. One peak around 5150 appeared in all reaaions 
are not identified. A possible explanation is that a small ponion of the template foraied some 
kind of secondary structure, such as a loop, which hindered sequenase extension. Mis- 
incorporation is of minor importance, since the intensity of these peaks were much lower than 
that of the sequencing ladders. Although T-deaza purines were used in the sequencing 
reaaion. which could stabilize the N-glycosidic bond and prevem depurinaiion. minor base 
losses were still observed since the primer was not substimted bv T-deazapurines The full 
length ladder, with a dd.A at the 3' end. appeared in the A reaction >.nth an apparem mass of 
1 1899.8. However, a more intense peak of 122 appeared in all four reactions and is likelv 
due to an addition of an extra nucleotide by the Sequenase enzyme. 

The same technique could be used to sequence longer DNA fragments A 78- 
mer template containing a CTG repeat (SEQ. ID. No. 25) was 3'-biotinylated bv adding 
biotin-14.<iATP with terminal transferase. An 18-mer primer (SEQ. ID. No. 26) was 
annealed right outside the CTG repeat so that the repeat could be sequenced immediately 
after primer extension. The four reactions were washed and analyzed bv MALDI-TOFMS as 
usual. An example of the G-reaction is shown in figure 35 and the expected sequencing 
ladder is shown in Table in with theoretical mass values for each ladder component. All 
sequencing peaks were well resolved except the last component (theoretical value 20577.4) 
was indistinguishable from the background. Two neighboring sequencing peaks (a 62-mcr 
and a 63-mer) were also separated indicating that such sequencing analysis could be 
applicable to longer templates. Again, an addition of an extra nucleotide by the Sequenase 
enzyme was observed in this spectrum. This addition is not template specific and appeared in 
all four reactions which makes it easy to be identified. Compared to the primer peak, the 
sequencing peaks were at much lower intensity in the long template case. Further 
optimization of the sequencing reaction may be required. 
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S^QU^nrm? min? dupln ON A Prober fnr .^....w ^.^^^^^ 

be ab.. r DNA pn,bcs with single-strandcd overhang have been demonstrated to 

be able to capture specific DNA templates and also ser^.e as primers for so.id-state 
sequencng. The scheme .s shown in Figure 46. Stacking interactions between a duplex 
probe and a smgle-stranded template allow only 5-base overhand co be sufficient for 
capturing. Based on this format, a 5' fluorescent-labeled 23-mer (S'-GAT GAT Ccr a.-^ 

* <5-.TCO Orr CCA AGA OCT, ,SEO ,a No: 3., cp^ I I'lX 
s«,u«K.n, ^cuons w« perfonncd by «c«n«o„ o. ,he S-base overhang. MALl^Tor 
mas, sp«j,3 of reacuons shown in Rg^ 47A.D. A,, .e„«„ Jp^^™' 
^.d al^ugh a. rcauvc, ,ow i„«„„.. Thclas, peak in each J^^^^^Z 
u^fic add,uon of on. nuci«,Ude «, *e W, lengU, «,e„sion p^duc, by ft. S«,ucn,« 
a^ For companson. *. san» produce w« ™, on a conv^ional DNA «,uenc=r and 

n«,„gran, of *c ,«ul« i, *o»n in Figure 4,. As can be seen ftoml Figl 
*cma«spec«hadU«sam.panemas*e (luorog™ wiu, sequencing peaks a, muchrwer 
miensity compared lo the 23-mer primer. aimucn lower 



DO,e„dall> h, ^'^^'J'^'"^'" "X"" homogenous and signal intensity could 

^aall> b^ncreased by tmplementing the picoliter vial uxhnique. In practice, the 
«n,p les can be loaded on small pits with square openings of 100 um si». The beads used in 
the so Itd-state sequencing is less than 10 um in diameter, so .he>. should fit well in dte 
mtcrohter vials. Mierocr^ st^Us of ma«ix and DNA containing "sweet spots" will be confined 
m the vial. S.nce the laser spot si« is about 1 00 in diameter, i, will cover me entire 
opening of the vial. Therefore, searching for sweet spou will be unnecessarv aid high 
repetition-tate laser .e.g. > 1 Ofe. can be used for acquiring spectra. An eariier repon has 
shown that this device is capable of increasing the detection sensitivitv of pepiides and 
proteins by several orders of magnitude compared to conventional MALDI sample 
preparation technique. 



Resolution of MALDI on DNA needs to be furrher improved in order to 
extend the sequencing range beyond 100 bases. Currently, using 3-HPA/ammonium citrate 
as matnx and a refleciron TOF mass spectrometer with 5kV ion source and ^0 kV 

^'^oT^^K.'"":*' mn-through peak in Figure 33 r.73-mer, is greater than 

200 fFWHM) which is enough for sequence determination in this case. This resolution is 
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also the highest reported for MALDI desorbed DNA ions above the 70-mer range. Use of the 
delayed extraction technique may further enhance resolution. 

All of the above-cited references and publications are hereby incorporated by 

reference. 
Eauivalgm.; 

Those skiUed in the an will recognize, or be able to ascertain using no more 
than routine experimentation, numerous equivalents to the specific procedures described 
herein. Such equivalents arc considered to be within the scope of this invention and are 
covered by the following claims. 
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1 . A process for detecting a target nucleic acid sequence present in a 
biological sample, comprising the steps of: 

a) obtaining a nucleic acid molecule from a biological sample: 

b) immobilizing the nucleic acid molecule onto a solid support, to produce an 
immobilized nucleic acid molecule: 

c) hybridizing a detector oligonucleotide with the immobilized nucleic acid 
molecule and removing unhybridized detector oligonucleotide: 

d) ionizing and volatizing the product of step c); and : . 
c) detecting the detector oligonucleotide by mass spectrometry, wherein 
detection of the detector oligonucleotide indicates the presence of the target 
nucleic acid sequence in the biological sample. 

2. A process of claim 1, wherein step b), immobilization is accomplished by 
hybridization between a complementary capture nucleic acid molecule, which has been 
previously immobilized to a solid support, and a complementary specific sequence on the 
target nucleic acid sequence. 

3. A process of claim 1, wherein step b). immobilization is accomplished via 
direct bonding of the target nucleic acid sequence to a solid support. 

4. A process of claim 1. wherein prior to step b). the target nucleic acid 
sequence is amplified. 

5. A process of claim 4, wherein the target nucleic acid sequence is.amplified 
by an amplification procedure selected from the group consisting of: cloning, transcription 
based amplification, the polymerase chain reaction (PCR), the ligase chain reaction (LCR). 
and strand displacement amplification (SDA). 

6. A process of claim 1. wherein the solid suppon is selected from the group 
consisting of: beads, flat surfaces, pins, combs and wafers. 

7. A process of claim 6. wherein step b). immobilization is accomplished by 
hybridization between an array of complementarx- capture nucleic acid molecules, which have 
been previously imm bilized to a solid supporu and a portion of the nucleic acid molecule, 
which is distinct trom the target nucleic acid sequence. 
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8. A process of claim 7. wherein the coinplemenar> capture nucleic acid 
molecules are oligonucleotides or oligonucleotide mimetics. 



^ 9. A process of claim I . wherein the immobilization is reversible. 

10. A process of claim 1 wherein the mass spectrometer is selected from the 
g^up consastrng of: Matrix-Assisted Laser Desotption/lomzation Time-of-Flight (M ALDI 

^Of;);El-trospray(ES). Ion Cyclotron Resonance (ICR). Fourier.T^^^ 
I u combmations thereof. 



15 



U. A process of claim 1. wherein prior to step d). the sample is conditioned. 

12. A process of claim II. wherein the sample is conditioned bv mass 
diffcrenuating at least two detector oligonucleotides or oligonucleotide mimetics to detect 
and distinguish at least two target nucleic acid sequences simultaneously. 

-yn A ^ "^^""^ differentiation is achieved bv 

20 differences in the length or sequence of the at least two oligonucleotides. 

14. A process of claim 12, wherein the mass differentiation is achieved bv the 
.ntroducnon of mass modifying functionalities in the base, sugar or phosphate moietv of the 
detector oligonucleotides. 

25 

1 5. A process of claim 12. wherein the mass differentiation is achieved bv 
exchange of cations or removal of the charge at the phosphodiester bond. 



30 



16. A process of claim 1. wherein the nucleic acid molecule obtained from a 
biological sample is replicated into DNA using mass modified deoxvnucleoside triphosphates 
and R.N A dependent DNA polymerase prior to mass spectrometric detection. 

1 7. A process of claim I. wherein the nucleic acid molecule obtained from a 
biological sample is replicated into RNA using mass modified ribonucleoside triphosphates 
and DNA dependent RNA polymerase prior to mass spearomeuic detection. 

1 8. A process of claim 1 wherein the target nucleic acid sequence is a DNA 
fingerprint or is implicated in a disease or condition selected from the group consisting of a 
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genetic disease, a chromosomal abno^^alit>^ a genetic predisposition, a viral infection a 
fungal infection, a bacterial infection and a proust infection. 

5 I ■ . a target nucleic add sequence present in a 

3 biological sample, comprising the steps of: 

a) obtaining a nucleic acid molecule containing a target nucleic acid 
sequence ftx>m a biological sample: 

b) amplifying the target nucleic acid sequence using an appropriate 
amplification procedure, thereby obtaining an amplified target nucleic acid 
sequence. 

c) hybridizing a detector oligonucleotide with the nucleic acid molecule and 
removing unhybridized detector oligonucleotide- 

d) ionizing and volatizing the pioduci of step c): and 

e) detecting the detector oligonucleotide by mass spectrometrv. wherein 
detection of the detector oligonucleotide indicates the presence of the target 
nucleic acid sequence in the biological sample. 

' IT • ^ "^""^^ "^^^ ^« «npli«e<I by an 

^Uficaxion procedure selected from the gn,up consisting of: cloning, transcription based 

amphfiomon. the polymerase chain reaction (PCR). the ligase chain reaction (LCR), and 
strand displacement amplification (SDA). 

21. A process of claim 19. wherein the mass spectrometer is selected from the 
group consisting of: Matrix-Assisted Laser Desorption/Ionization. Time-of-Flight (MALDI- 
TOF). Electrospray (ES). Ion Cyclotron Resonance (ICR). Fourier Transform and 
combinations thereof 

22. A process of claim 19. wherein prior to step d). the sample is conditioned. 

23. A process of claim 22. wherein the sample is conditioned bv mass 

difTerentiation. 

24. A process of claim 23. wherein the mass differentiation is achieved bv 
mass modifying functionaliti s attached to primers used for amplification. 

25. A process of claim 23. wherein the mass differentiation is achieved bv 
exchange of cations or removal of the charge at the phosphodiester bond. 



wo 96/29431 



PCT/DS96A)3«5i 



-58- 

26. A process of claim 1 9. wherein the nucleic acid molecul is DNa. 

27. A process of claim 19. wherein the nucleic acid molecule is RNa. 

28. A process of claim 1 9. wherein prior to step d>. amplified target nucleic 
acd sequences are immobilized onto a solid support to produce immobilized tarcet nucleic 
acid sequences. 

29. A process of claim 28. wherein immobilization is accomplished bv 
hybndizaiion between a complementary- capture nucleic acid molecule, which has been 
previously immobilized to a solid support, and the target nucleic acid sequence. 

30. A process of claim 28. wherein the solid suppon is selected from the 
group consisting of: beads, flat surfaces, pins, combs and wafers. 



3 1 . A process of claim 28. wherein the immobilization is reversible. 

32- A process of claim 19 wherein die target nucleic acid sequence is a DNA 
fingeiprint or is a disease or condition selected from the group consisting of a genetic disease, 
a chromosomal abnormality, a genetic predisposition, a viral infection, a fungal infection, a 
bacterial infection and a protist infection. 

33. A process for detecting a target nucleic acid sequence present in a 
biological sample, comprising the steps of: 

a) obtaining a target nucleic acid sequence from a biological sample: 

b> replicating the target nucleic acid sequence, thereby producing a replicated 

nucleic acid molecule: 

c> specifically digesting the replicated nucleic acid molecule using at least one 
appropriate nuclease, thereby producing digested fragments: 
d) immobilizing the digested fragments onto a solid support containing 
complementary- capture nucleic acid sequences to produce immobilized 
fragments: and 

ei analysing the immobilized fragments by mass spectrometry-, wherein 
hybridization and the determination of the molecular weights of die 
immobilized fragments provide information on the target nucleic acid 
sequence. 
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34. A process of claim 33. wherein the solid suppon is selected from the 
group consisting of: beads. Hat surfaces, pins, combs and wafers. 

35. A process of claim 33. wherein the complementary- capnire nucleic acid 
? sequences are oligonucleotides or oligonucleotide mimeiics. 

36. A process of claim 33. wherein the immobilization is reversible. 



10 



15 



37. A process of claim 33 wherein the mass spectrometer is selected from the 
group consisung of: Matri.x..Assisted Laser Desorption/Ionization Time-of-Fliehi (MALDI- 
TOR. Electrospray (ES). Ion Cyclotron Resonance (ICR). Fourier Transfohh Lid " 
combinations thereof. 

38. A process of claim 33. wherein prior to step e). the sample is conditioned. 

39. A process of claim 38. wherein the sample is conditioned bv mass 

differeatiation. 

- ^ P"»*=«« of claim 38. wherein the mass differentiation is achieved by the 

20 mtroducuon of mass modifying functionalities in the base, sugar or phosphate moietv of the 
detector oligonucleotides. 

41. A process of claim 39. wherein the mass differentiation is achieved bv 
exchange of cations or removal of the charge at the phosphodiester bond. 



25 
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42. A process of claim 33. wherein after step a), the target nucleic acid 
sequence is replicated into DNA using mass modified deox>Tiucleoside and/or 
dideoxynudeoside triphosphates and RNA dependent DNA polymerase. 

43. A process of claim 33. wherein after step a), the target nucleic acid 
sequence is replicated into RNA using mass modified ribonucleoside and/or 3"- 
deoxynucieoside triphosphates and DNA dependent RNA polymerase. 

44. A process of claim 33. wherein after step a), the target nucleic acid is 
replicated into DNA using mass modified deoxynucleoside and/br dideoxynudeoside 
triphosphates and a DNA dependent DNA polymerase. 

45. A process of claim 33 wherein the target nucleic acid sequence is a DNA 
fingerprint or a disease or condition selected from the group consisting of a genetic disease, a 
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chromosomaJ abnormalit>.. a genetic predisposition, a viral infection, a ftingal infection a 
bacterial infection or a protisi infection. 

^- ^P^^^^fo^^i^^'^ting a target nucleic acid sequence present in a 
biological sample, comprising the steps of: 

a) obtaining a nucleic acid molecule containing a target nucleic acid 
sequence from a biological sample; 

b) contacting the target nucleic acid sequence uith at least one primer said 
pnmer havmg 3' lenninal base complementarit>' to the target nucleic acid 
sequence: 

c) contacting the product of step b) with an appropriate polymerase enzvme 
and sequentially with one of the four nucleoside triphosphates- 

d) lonmng and volatizing the product of step c): and 

e) detecting the product of step d) by mass spectromea^-, wherein the 
molecular weight of the product indicates the presence or absenceof a 
mutation next to the 3* end of the primer in the target nucleic acid sequence. 

47. A process for detecting a target nucleotide presem in a biological sample 
comprising the steps of: 

a) obtaining a nucleic acid molecule that contains a target nucleotide: 

b) immobilizing the nucleic acid molecule onto a solid support, to produce an 
immobilized nucleic acid molecule; 

c) hybridizing the immobilized nucleic acid molecule with a primer 
oligonucleoude that is complementary to the nucleic acid molecule at a site 
immediately 5' of the target nucleotide: 

d ) contacting the product of step c) with a complete set of dideoxynucieosides 
or 3--deoxynucleoside triphosphates and a DNA dependent DNA polymerase, 
so that only the dideoxynucleoside or 3 -deoxynucleoside uiphosphate that is 
complemeniar> to the target nucleotide is extended onto the primer: 

ei ionizing and volatizing the product of step d): and 

f) detecting the primer by mass specirometr> . to determine the identity of the 
target nucleotide. 



the steps of: 



48. A process for detecting a mutation in a nucleic acid molecule, comprising 



a) obtaining a nucleic acid mojecule: 
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b) hybridizing the nucleic acid molecuJe with an oligonucleotide probe 
thereby forming a mismatch at the site of a mutation- 

c) detecting the products obtained by mass spectrometr> . wherein the presence 
Of mo. than one fragment, .ndicates that the nucleic acid molecule co^ni^ra 



biolo. , ?■ ^"''^""^ ^ ""*=^««= ^^''^ ^«?"ence present m a 

biological sample, comprising the steps of: 

a) obtaining a nucleic acid containing a target nucleic acid 
sequence from a biological sample: 

b) p«fon™„g a, ,e^, hybridization of u,g„ „u=l«c acid sequence 
w,U, a se. of l.ga,io„ «,uc« and a ■hcnnosable DNA ligasc. d,«bv fo™i„g a 
ligation product; ' '"""e * 

c) ionizing and voiatizing the product of step b): and 

d) detecting the ligation product by mass spectrometry and comparing the 
value obtained with a known value to determine the target nucleic acid 
sequence. 
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DNA DIAGNOSTICS BASED ON MASS SPECTROMETRY 

Background of the Invention 

The genetic information of all living organisms (e.g. animals, plants and 
microorganisms) is encoded in deoxyribonucleic acid (DNA). In humans, the complete 
genome is comprised of about 100,000 genes located on 24 chromosomes (The Human 
Genome, T. Strachan, BIOS Scientific Publishers, 1992). Each gene codes for a specific 
protein which after its expression via transcription and translation, fiilfiUs a specific 
biochemical function within a living cell. Changes in a DNA sequence are known as 
mutations and can result in proteins with altered or in some cases even lost biochemical 
activities; this in turn can cause genetic disease. Mutations include nucleotide deletions, 
insertions or alterations (i.e. point mutations). Point mutations can be either "missense", 
resulting in a change in the amino acid sequence of a protein or "nonsense" coding for a 
stop codon and thereby leading to a truncated protein. 

More than 3000 genetic diseases are currently known (Human Genome 
Mutations, D.N. Cooper and M. Krawczak, BIOS Publishers, 1993), including hemophiUas, 
thalassemias, Duchenne Muscular Dystrophy (DMD), Huntington's Disease (HD), 
Alzheimer's Disease and Cystic Fibrosis (CF). In addition to mutated genes, which result 
in genetic disease, certain birth defects are the result of chromosomal abnormalities such as 
Trisomy 21 (Down's Syndrome), Trisomy 13 (Patau Syndrome), Trisomy 18 (Edward's 
Syndrome), Monosomy X (Turner's Syndrome) and other sex chromosome aneuploidies 
such as JClienfelter's Syndrome (XXY). Further, there is growing'evidence that certain 
DNA sequences may predispose an individual to any of a number of diseases such as 
diabetes, arteriosclerosis, obesity, various autoimmune diseases and cancer (e.g. colorectal, 
breast, ovarian, limg). 

Viruses, bacteria, fungi and other infectious organisms contain distinct 
nucleic acid sequences, which are different fixsm the sequences contained in the host cell. 
Therefore, infectious Organisms can also be detected and identified based on their specific 
DNA sequences. 

Since the sequence of about 16 nucleotides is specific on statistical grounds 
even for the size of the human genome, relatively short nucleic acid sequences can be used 
to detect normal and defective genes in higher organisms and to detect infectious 
microorganisms (e.g. bacteria, fungi, protists and yeast) and viruses. DNA sequences can 
even serve as a fingerprint for detection of different individuals within the same species. 
(Thompson, J.S. and M.W. Thompson, eds.. Genetics in Medicine . W.B. Saunders Co., 
Philadelphia, PA (1986). 

Several methods for detecting DNA are currently being used. For example, 
nucleic acid sequences can be identified by comparing the mobility of an amplified nucleic 
acid fragment with a known standard by gel electrophoresis, or by hybridization with a 
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P»ob. »tich is compl«„en.ao. to Ae sequence „ be identffied. Ideatiflcadon, however 
c» o„,y be accon,plished if fte nucleic acid fiagmen, is labeled „id> a sensitive report' 

f ''•'''^•'''*™°''^'™^0- HoweveT 

5 ^ Tk O"^"- <"-X -er toe. Non- 

5 «o,op„ labels (e.g. fluorescen.) suffer from a lack of sensitiviry and fiding of *e dll 

When h,ghm«nsi.y lasers are being used Additionally, perfonning label! 
ete^rophoreris and subsequent detection are laborious, time^nsumiag and «ror.p,one 
^rr^ ="7i">»-« P-icularly e^r-pn^e. since *e size o! ti,e m^T 
we,gh, of d>e nucle,c acid canno, be directiy c„,rela«d to ti„ mobility in a,e gel n^ „ 

•^'"^ and intettions^^r^e 

maoix are causing aite&cts. * 

7^ by .onizing *e n.olecu,es vac^ and n^ldng ti»n "fly- 

mo^u^es wth low molecular weigh., n^ specomeny bas long been part of the routine 
Physical^rganrc n^penoire for analysis and chaiacerfaaaon of organic molecules by T 
de«nnn»tion of the mass of tiae parent molecuUr ion. to additioZ by arra-^rco^i^^ 

fagmented fonnmg secondary ions by U,e so.:all«i collision induced dissociation (CE) 
Tie ftagmeotation pattern/pathway v«y often allows ti,e derivation of detailedtl^^' 
^m«.on. Many appUcations of mass spectrometHc methods a« Icnown in th^ 

^cvd^y m biosciences, and can be found summarized in Method, in . v„, 

19.. Mass Spectromeny" (,^. McCloskey. edi„r,. 1990. Academic Press. N«v Y^;^ 

hichH, • .'°*°^''"°"^^'^^''»'a8«°fn>ass spectrometry in pn,viding 

high^tection sensitivity, accuracy of mass measurements, detailed strucur^infoll^t 
^m conjunction with an MS/MS configuration and speed, as well as on-line data 

" "TT considerable interest in the use of mass spectrometry 

0 K H sZTl r -Views summarizing this 

K-H. Schram. Mass Spectrometry of Nucleic Acid Components. Biomedical Applications 
of Mass Spectromeny- ^4. 203-287 (.990); and P.F. Cain. -Mass Specnometric 
Techmques in Nucleic Acid Research.- Mass Sne.,,„ p..,;..., . 305-554 (1990) 

volatili^ r """^ ^ ""yPo'^WoP^'ynets dm. are vety difficult to 

votatihze. Consequentiy. mass specnomenic de.ec.i„„ has been limittd .o low molecular 

w«ght« Oligonucleotides by de«nnini„g the mass of U.e parent molecular irntd 
trough tins, confimung ti,e already known oligonucleotide sequence, or alternatively 

via CID m an MS/MS configuration utilizing, in particular, for U,e ionization and 
volaolizanon. .he metiiod of fas. a.omic bombantaen. (FAB mass specnometrv, or plasma 
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desorption (PD mass spectrometry). As an example, the application of FAB to the analysis 
of protected dimeric blocks for chemical synthesis of oligodeoxynucleotides has been 
described (Koster et al. Biomedical Environmental Mass Spectrometry M, 1 1 1 -1 1 6 
(1987)). 

Two more recent ionization/desorption techniques are electrospray/ionspray 
(ES) and matrix-assisted laser desoiption/ionization (MALDI). ES mass spectrometry has 
been introduced by Fenn et al. f J. Phvs. Chem. 88, 4451-59 (1984); PCT Application No. 
WO 90/14148) and current applications are summarized in recent review articles (R.D. 
Smith etal, Anal. Chem. 62, 882-89 (1990). and B. Ardiey. Elecirospiay Mass 
Spectrometry, Spectroscopy ^tgoBg, 4, 10-18 (1992)). The molecular weights of a 
tetradecanucleotide (Cov^y et al. "The Determination of Protein, Oligonucleotide and 
Pqjtide Molecular Wcighjts by lonspray Mass-Spectrpmetry,!' Rapid Commumeations in 
Mass Spectrometry, 2, 249-256 (1988)), and of a 21-mer (Methods in Enzymoloiry 193. 
"Mass Spectrometry" (MeCloskey, editor), p. 425, 1990, Academic Press, New York) have 
15 been published. As a mass analyzer, a quadrupole is most frequently used. The 

determination of molecular weights in femtomole amounts of sample is very accurate due 
to the presence of multiple ion peaks v^ch all could be used for the mass calculation. 

MALDI mass spectrometry, in contrast, can be particularly attractive when a 
time-of-flight (TOF) configuration is used as a mass analyzer. The MALDI-TOF mass 
spectrometry has been introduced by Hillenkamp et al. ("Matrix Assisted UV-Laser 
Desorption/Ionization: A New Approach to Mass Spectrometry of Large Biomolecules," 
Biological Mass SpectmrneTry (Buriingame and McCloskey, editors), Elsevier Science 
Publishers, Amsterdam, pp. 49-60, 1990.) Since, in most cases, no multiple molecular ion 
peaks are produced with this technique, the mass spectra, in principle, look simpler 
compared to ES mass spectrometry. 

Although DNA molecules up to a molecular weight of 4 1 0,000 daltons have 
been desorbed and volatilized (WilUams et al, "Volatilization ofHigh Molecular Weight 
DNA by Pulsed Laser Ablation of Frozen Aqueous Solutions," Science. 246. 1585-87 
(1989)), this technique has so far only shown very low resolution (oligothymidylic acids up 
to 18 nucleotides, Huth-Fehre etal. Rapid Communications in Mass Spectrometry. 6, 209- 
13 (1992); DNA fragments up to 500 nucleotides in length K. Tang et al.. Rapid 
Communications in Mass Spectmmefrv 8, 727-730 (1994); and a double-stranded DNA of 
28 base pairs (Williams et al, "Time-of-Flight Mass Spectrometry of Nucleic Acids by 
Laser Ablation and Ionization from a Frozen Aqueous Matrix," Rapid Communications in 

Mass SnectrntnffTrv 4. 348-351 (1990)). 

Japanese Patent No. 59-131909 describes an instrument, which detects 
nucleic acid fi-agments separated either by electrophoresis, liquid chromatography or high 
speed gel filtration. Mass spectrometric detection is achieved by incorporating into the 
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nucie^acids. no.tc. in DN. .„ch a. S. Br. , or Ag. A. P, 

Summary nf the Tnvpnf.•.^» 

detected, the processes can be u.«^ , ^ependrng on the sequence to be 

InunoBmzadcncaTrJcolTuSL "^^^ 
.5 portion of*. .argc.nLTeri'^^tllr'^^^^^ 

a capture nucleic acid , ^ t T " "'""io" 

oucicic acid ■^l^.S^^ZZl^^ ^ '""^^ 
acid molecule) between the ^„ , « > ^acer (e.g. a nucleic 

•0 nucleic acid n^^ZTe^ =^ f ^ """^^ *' "^P""- <'«««0' 
co«p,ena«,t^t^e ^et^^lT " ""^''-'"■ide minaedc), which is 

si« L ronton of a^p^ il^ni'T """"^ ^* -^^^ 

detected by n«ss spLtt^^I^ *° "^"^ "^-^O" <=" >« 

' prrfetred embodiment the ,aroetTe,r^ "° conditioned. In a fimher 

n.ultip,esimu,.aneou:^:r;:r~ 

oligonucleotide anays TDNA chips"). P">ce«mg using 

is an opSonal ^^^^^ "-^^ °' -'^c acid mol^ule 

using oligonucleotide arrays ("DNA chips") ^ processmg 

^o.a„uc,eicLi::it:::::r:r:;rsrp:r^^^^ 

^o^otm^^nucleasescusingdeo^.^^^^^^^^ 

RNA) and the ftagments capn^d on a solid suppon canying the conesponding 
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complementary sequences. Hybridization events and the actual molecular weights of the 
captured target sequences provide information on whether and whei« mutations in the gene 
are present Tlie array can be analyzed spot by spot using mass spectrometry. DNA can be 
similarly digested using a cocktail of nucleases including restriction endonucleases. In a 
preferred embodiment, the nucleic acid fragments are conditioned prior to mass 
spectrometric detection. 

In a fourth embodiment, at least one primer with 3' terminal base 
complementarity to an allele (mutant or normal) is hybridized with a target nucleic acid 
molecule, which contains the allele. An appropriate polymery and a complete set of 
nucleoside triphosphates or only one of the nucleoside triphosphates are used in separate 
reactions to furnish a distinct extension of the primer. Only if the primer is appropriately 
amiealed (i.e. no 3' mismatch) and if the correct (i.e. complementary) nucleotide is added, 
will the primer be extended. Products can be resolved by molecular weight shifts as 
determined by mass spectrometry. 

In a fifth embodiment, a nucleic acid molecule containing the nucleic acid 
sequence to be detected (i.e. the target) is initially immobilized to a solid support. 
Immobilization can be accomplished, for example, based on hybridization between a 
portion of the target nucleic acid molecule, which is distinct from the target detection site 
and a capture nucleic acid molecule, which has been previously immobilized to a solid 
support Alternatively, immobilization can be accomplished by direct bonding of the target 
nucleic acid molecule and the solid support Preferably, there is a spacer (e.g. a nucleic 
acid molecule) between the target nucleic acid molecule and the support A nucleic acid 
inolecule that is complementary to a portion of tiie target detection site that is immediately 
5' of die site of a mutation is tiien hybridized with the target nucleic acid molecule. The 
addition of a complete set of dideoxynucleosides or 3'-deoxynucIeoside triphosphates (e.g. 
pppAdd, pppTdd, pppCdd and pppGdd) and a DNA dependent DNA polymerase allows for 
the addition only of die one dideoxynucleoside or 3'-deoxynucleoside triphosphate that is 
complementary to X. The hybridization product can then be detected by mass 
spectrometry. 

In a sixth embodiment a target nucleic acid is hybridized with a 
complementary oligonucleotides tiiat hybridize to the target within a region that includes a 
mutation M. The heteroduplex is then contacted witii an agent tiiat can specifically cleave 
at an unhybridized portion (e.g. a single strand specific endonuclease), so tiiat a mismatch, 
indicating die presence of a mutation, results in tiie cleavage of die target nucleic acid. The 
35 two cleavage products can tiien be detected by mass spectrometry. 

In a seventh embodiment which is based on the ligase chain reaction (LCR), 
a target nucleic acid is hybridized with a set of ligation educts and a thermostable DNA 
ligase. so diat the ligase educts become covalently linked to each odier. forming a ligation 
product The ligation product can Uien be detected by mass spectrometry and compared to 
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^1 " P«fom.=dt a cycac n^, ^ ug^^ 

The processes of the invention provide for ir^r^^^^^ 
ngorous controls to prevent felse negative or positive results. ITie processes of th. 

5 «cuia« and reliable tf^ncur^dy available procedures. ^ ^» ■""'"■ ■nore 

Brief rVa^pyj^^P -f ^ rioitr^ 

«ecme 1 1 which has been obtained from a biological samnle a ct,-^-« 
sequence (C) is attached to a solid support (SS) via a spac^^sr^^^cal "'''^ 
chosen to soeciiicallv hvkwx- ^ ^^cer (b). The capture sequence is 

molecule ^o^ " *e nucleic acid 

con J.^ ^^Te ros H:,":^'"r """" -"P'— ^ » the TOS is 
mass sp=Co„,i; "J'^"'^""" between D and U,e TDS can be de«c«d by 

_• "?'^'°^^""^«™"*°"^"8>P«'<:eKforperfonningmass 
^memcanalysis on a. leas-one .arsetde^cdon site (bereTOS 1 androS2)vU 

or ir^LllT J^fo ^ ~b.l^ to a solid support via the fo,n,ad„n of a reve^ible 

acid~e m Id r r '""""'^ '^"'""^"^ o- «-Set nucleic 

.0 molecule (D and an approprm: functionality (L) on the solid support Detector 

Dl Torres? . nT j"""^"" HyOridization between TOS 1 and 

m^Z 2 I>2 - be detected and distinguished based on molecular weigh, 

»„w/ „ ^ ^""^"S = P'°=«^ f<"- <teBcting a wildtvoe mwi, 

and/ or a mutant (Dmut) sequence in a target m nucleic acid molecule AsTnZlT 
specfic capture sequence (C, is attached to a solid support (SS) via a ^pa^ (s'T 
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addition, the c^ture sequence is chosen to specifically interaa with a complementary 
sequence on the target sequence (T), the target capurc site (TCS) to be detected through" 
hybridization. However, if the target detection site (TDS) includes a mutation, X, which 
changes the molecular weight, mutated target detection sites can be distinguished fiom 
wildtype by mass spectrometry. Preferably, the detector nucleic acid molecule (D) is 
designed so that the mutation is in the middle of the molecule and therefore would not lead 
to a stable hybrid if the wildtype detector oligonucleotide (Dwt) is contacted with the target 
detector sequence, e.g. as a control. The mutation can also be detected if the mutated 
detector oligonucleotide (Dmut) with the matching base at the mutated position is used for 
hybridization- If a nucleic acid molecule obtained Smm a biological sample is heterozygous 
for the particular sequence (i.e. contain both Dwt and Dmut), both Dwt and D^ut will be 
bound to the appropriate strand and the mass diflFerence allows both Dwt and D»nut to be ' • 
detected simultaneously. 

FIGURE 2 is a diagram showing a process in which several mutations are 
simultaneously detected on one target sequence by employing corresponding detector 
oligonucleotides. The molecular weight differences between the detector oligonucleotides 
Dl. D2 and D3 must be large enough so that simultaneous detection (multiplexing) is 
possible. This can be achieved either by the sequence itself (composition or length) or by 
the mtroduction of mass-modifying functionalities Ml - M3 into the detector 
20 oligonucleotide. 

FIGURE 3 is a diagram showing still another multiplex detection format. In 
this embodiment, difiFerentiation is accomplished by employing different specific capture 
sequences which are position-specifically itximobilized on a flat surface (e.g, a 'chip array*). 
If different target sequences Tl - Tn are present, their target capture sites TCSl - TCSn will 
25 interact with complementary immobilized capture sequences CI -Cn. Detection is achieved 
by employing appropriately mass differentiated detector oligonucleotides Dl - Dn, wiiich 
are mass differentiated either by tiieu- sequences or by mass modifying functionalities Ml - 
Mn. 

FIGURE 4 is a diagram showing a format wherein a predesigned target 
30 capture site (TCS) is incorporated into the target sequence using PCR amplification. Only 
one strand is captured, the other is removed (erg., based on the interaction between biotin 
and streptavidin coated magnetic beads). If the biotin is attached to primer 1 the other 
strand can be appropriately marked by a TCS. Detection is as described above through the 
interaction of a specific detector oligonucleotide D with the corresponding target detection 
35 site TDS via mass spectrometry. 

FIGURE 5 is a diagram showing how amplification (here ligase chain 
reaction (LCR)) products can be prepared and detected by mass spectrometry. Niass 
differentiation can be achieved by the mass modifying functionalities (Ml and M2) 
attached to primers (PI and P4 respectively). Detection by mass spectrometry can be 
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accomplished directly (i.e. without employing immobili=«™ ^ 

of capnuing «,„enc« (C). fonna.^,„w, J^of * 7^ " ™^ 

,0 (D). "'^"^''''''''"^'"'^■^^"Pria.. detector oligoil,^^^ 

(muta^d) Sites II'!^^*^ ^'"'^ 
oB^^leotides M^oT^d^ r °" 

deoxynucleoside triohosnhpr.* «xr . . . . _ ^"^^'^^side or 3 - 



ronna.aro.:rr~ot;rrje:°^:^^-"r'"'''°^^^ ™^ 

mutation (X). PossibUmes at the site of a 

20 

FIGURE 7A is a diagram sliowins a urocess fi%r ~ ji, ■ 
^pectrometric analysis on one target detection si.^ rST mass 
acid molecule m. „Wch has ,2 06^^1: 3^ ™:'^'','***^ ^ 
-qu-e (C, is attached to a solid support (^Z T^^sTt: ^^''^''^ 
chosen to specifically hybridise »ith a complemen.:,^^^, ^rT" 
23 captme site (TCS). A nucleic acid molecule d.a. ^ "™ " 

b hybridized to tiie TDS 5' of .he siK or ""P'^'^n'a.y » a pordon of the TOS 

compieSiet of dideo^L:!^:;:;^:^ "''^ ^' 
PPpTddi^pppCdd and ^Sr^a DNA^ '^'^ 
addition only of the o"Lo^lCi ~'°'''^^''™'-=^'°- '""^ 
30 complementatj-tox. ^ " ' -<''='"^""""o«<'= ttiphosphate that is 

^metric aS^^o de^'T" l"^'^ '-r perfonning mass 

(M) wittan 3 nucleic ^d m^T ^T^, ^ ~ " ^ ™ ~ 
f-^<-)-(B>ofadouh.es.randXe~rrmr^^^^^ 

Br ~^rcr 7 -^^^^^ 
..«<u..toA:rjr::srirs~^rh«?rr~^ 

wi.asing,es.randspec.cendo„uc,ease.so.hatalisr.rrS:^^^^^^^^ 
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of a mutation, results in the cleavage of (C) and/or (D), which can then be detected by mass 
spectrometry. 

FIGURE 8 is a diagram showing how both strands of a target DNA can be 
prepared for detection using transcription vectors having two different promoters at 
5 opposite locations (e.g. the SP6 and the T7 promoter). This format is particularly useful for 
detecting heterozygous target detection sites (TDS). Employing the SP6 or the T7 RNA 
polymerase both strands could be transcribed separately or simultaneously. Both RNAs 
can be specifically captured and simultaneously detected using appropriately mass- 
differentiated detector oligonucleotides. This can be accomplished either directiy in 
1 0 solution or by parallel processing of many target sequences on an ordered array of 
specifically ixnmobilized capturing sequences. 

. FIGURE 9 is a diagram showing how RNA prepared as described in Figures 
6. 7 and 8 can be specifically digested using one or more ribonucleases and the fiagments 
captured on a solid support carrying the corresponding complementary sequences. 
15 Hybridi2ation events and the actual molecular weights of the captured target sequences 

provide information on whether and where mutations in the gene are present The array can 
be analyzed spot by spot using mass spectrometry. DNA can be similarly digested using a 
cocktail of nucleases including restriction endonucleases. Mutations can be detected by 
dififereni molecxilar weights of specific, individual fiagments compared to the molecular 
20 weights of the wildtype fi-agments. 

FIGURE I OA shows a spectra resulting firom the experiment described in 
the following Example 1. Panel i) shows the absorbance of the 26-mer before 
hybridization. Panel ii) shows the filtrate of the centrifugation after hybridization. Panel 
iii) shows the results after the first wash with 50mM ammonium citrate. Panel iv) shows 
25 the results after the second wash with 50mM ammonium citrate. 

FIGURE 1 OB shows a spectra resulting fi-om the experiment described in the 
following Example 1 after three washing/ centrifugation steps. 

FIGURE IOC shows a spectra resulting firom the experiment described in the 
following Example 1 showing the successful desorption of the hybridized 26mer offof 
30 beads. 

FIGURE 1 1 shows a spectra resulting from the experiment described in the 
following Example 1 showing the successful desorption of the hybridized 40men The 
efficiency of detection suggests that firagments much longer than 40mers can also be 
desorbed. 

35 FIGURE 12 shows a spectra resxilting from the experiment described in the 

following Example 2 showing the successfiil desorption and differentiation of an 18-mer 
and 19-mer by electrospray mass spectrometry, the mixture (top), peaks resulting from 18- 
mer emphasized (middle) and peaks resulting fi^om 19-mer emphasized (bottom) 
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tc^zno^ „™ " " ' I'NA e«e^on pn>duc. of. ^508 

homozygous ' * ' ""^ —ion p^auc. of a ^508 

10 hoo„zygo„.„.^^ ""'""^^'""■''^'DNAex.ensionprod.c.ofaAFSOS 

aplpop„,i„ E ^L'g'' ' of-*-- for p^o^g 

apolipoprotein E. composite restnction pattern for various genotypes of 

nGURE2IB shows the restrictinn«ott^ 
0 Aga^ Ge, for various g«,o^s of ap^Z^r ' " ' 

-<35.asepair^?:,t:.r,:^r'"""''^'^°^*'''-'^-^-^« 

■ of apolipoprotein E. ' •■^■ne cleavage of Ae E2. E3 and E4 

l|op™«™„^i' ""^ -^"ion p:odu« of a hon,o^ygous 

E3 apolipop^teTETno^" ""^ of - homozygous 

apolipopro«i„E^^e'^ ^"-^^ of a,e restfcnon pn,du« of a E3/E4 

FIGURE 24 is an autoradiogranh of a 7 so/ „ i . . 
'0% (5^) of each PCR was loaciei M pBR32, T ^'^'7''' 

Posmve in serological analysis; aaiE^rHBV ^ - ™^ 

-ological analysis bu, „iA an ^""^'^ ^^"^^ 

iMEiii: HBV negative- smB^J^v T^""'^ '"^== 

HB V negauve „ nfgaUv;^,C™~^'" ™= 
bromide. ^ posiuve control). Staining was done wdth ethidium 
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FIGURE 25A is a mass spectrum of sample 1, which is HBV positive. The 
signal at 20754 Da represents the HBV related PGR product (67 nucleotides, calculated 
mass: 20735 Da). The mass signal at 10390 Da represents the [M+2H]2+ signal 
(calculated: 10378 Da). 

FIGURE 25B is a mass spectrum of sample 3, which is HBV negative 
corresponding to PGR. serological and dot blot based assays. The PGR product is 
generated only in trace amounts. Nevertheless it is unambiguously detected at 2075 1 Da 
(calculated: 20735 Da). The mass signal at 10397 Da represents the [M+2H]2+ molecule 
ion (calculated: 10376 Da). 

FIGURE 25G is a mass spectrum of sample 4, which is HBV negative, but 
CMV positive. As expected, no HTV specific sigiials could be obtained. 

FIGURE 26 shows a part of the £. co// lad gene with bihcfing sites of the 
complementary oUgonucIeotides used in the ligase chain reaction (LGR). Here the 
wildtype sequence is displayed. The mutant contains a point mutation at bp 1 91 which is 
also the site of ligation (bold). The mutation is a G to T transition (G to A, respectively). 
This leads to a T-G mismatch with oligo A (and A-G mismatch with oligo B, respectively). 

FIGURE 27 is a 7.5% polyaciylamide gel stained with ethidium bromide. 
M: chain length standard (pUG19 DNA, Mspl digested). Lane 1 : LGR with wildtype 
template. Lane 2: LGR with mutant template. Lane 3: (control) LGR without template. 
The ligation product (50 bp) was only generated m the positive reactive containing 
wildtype template. 

FIGURE 28 is an HPLG chromatogram of two pooled positive LGRs. 

FIGURE 29 shows an HPLG chromatogram the same conditions but mutant 
template were used. The small signal of the ligation product is due to either template-ftee 
ligation of the educts or to a Ugation at a (G-T, A-G) mismatch. The 'false positive' signal 
is significantly lower than the signal of ligation product with wildtype template depicted in 
Figure 28. The analysis of ligation educts leads to 'double -peaks' because two of the 
oligonucleotides are 5'- phosphoiylated. 

FIGURE 30 In a the complex signal pattern obtained by MALDI-TOF-MS 
analysis of P/u DNA-ligase solution is depicted. In b a MALDI-TOF-spectrum of an 
unpurified LGR is shown. The mass signal 67569 Da probably represents the PJu DNA 
ligase. 

FIGURE 3 1 shows a MALDI-TOF spectrum of two pooled positive LGRs 
(a). The signal at 7523 Da represents unligated oligo A (calculated: 7521 Da) whereas the 
signal at 15449 Da represents the ligation product (calculated: 15450 Da). The signal at 
3774 Da is the [M+2H]2+ signal of oligo A. The signals in the mass range lower than 2000 
Da are due to the matrix ions. The spectrum corresponds to lane 1 in figure 2a and to the 
chromatogram in figure 2b. In b a spectrum of two pooled negative LGRs (mutant 
template) is shown. The signal at 7517 Da represents oligo A (calculated: 7521 Da). In c a 
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TTZ ^'"^ "^^^"^ DNA as template) is 

displayed. The signals in the mass range axound 2000 Da are due to Tw^o 

HGURE 32 shows a spectrum obtained fixam two ooolerf r ru. - ..• ^. 

mlion ^308 Ld 1 «™ mcs. common cystic fibn,sis 

•nanon AF508 and more rare mutations 41507 as well as lleSOSSer 

.= o.se„ed.expcc«dmo,eri.^^°!::r~°"'"^^ 

25 used as ^mplatt'™'* *° P'^'" ^'^A. which was 

mer ^ ^pMcation of unmodified and 7^eazapurine confining 99- 

DNA. whilh „L' u!^or p?r1'^T"'°" t of MUmplgil 

!0 I03.mer nuderac^ A k ""P"'"'^"" "^o^fied «d 7sieazapurine containing 
^ mernudetcacds. Also shown are nucleotide sequences of the 1 7.mer primets used u, 

PCR n^H "t"^ *° °f = P°ly=°yto,ide gel electrophoresis of 

M: 'chain 7^ 

S ^'T'7""^"™°~-"^«"-"-''«P-d"«,>ane2: umnodified 99 

p" '■"'^""""^-''^-^'''^-er and lane 4: urnnodified lOS-mer PCR 

prp ■ °" autoradiogram of polyaco-lamide gel electrophoresis of 

PCR reactions camed ou, with 5'-[32p].|abeled primers 1 and 4 lies 1 and 2 
umnodifled and 7 ^ea.p„ri„. modified 1 03.mer PCR pr„duc.(5^7 ™ counts). 
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lanes 3 and 4: unmodified and T-deazapurine modified 200-mer (71 123 and 39582 counts) 
and lanes 5 and 6: unmodified and 7-deazapurine modified 99-mer (1 732 16 and 94400 
counts). 

HGURE 40 a) MALDI-TOF mass spectrum of the unmodified 103.mer 
PGR products (sum of twelve single shot spectra). The mean value of the masses 
calculated for the two single strands (31768 u and 31759 u) is 31763 u. Mass resolution: 
18. b) MALDI-TOF mass spectrum of 7-dea2apurine containing 103-mer PGR piodua 
(sum of three single shot spectra). The mean value of the masses calculated for the two 
single strands (31727 u and 31719 u) is 31723 u. Mass resolution: 67. 

FIGURE 41 : a) MALDI-TOF mass spectrum of the unmodified 99.mer 
PGR product (sum of twenty single shot spectra). Values of the masses calculated for the 
two single strands: 3()26 I u and 30794 u. b) MALDI-TOF mass spectrum of the 7- 
deazapurine contaming 99-mer PGR product (sum of twelve single shot spectra). Values of 
the masses calculated for the two single strands: 30224 u and 30750 u. 

FIGURE 42: a) MALDI-TOF mass spectrum of the unmodified 200-mer 
PGR product (sum of 30 single shot spectra). The mean value of the masses calculated for 
the two single strands (61873 u and 61595 u) is 61734 u. Mass resolution: 28. b) MALDI- 
TOF mass spectrum of 7.<leazapurine containing 200-mer PGR product (sum of 30 single 
shot spectra). The mean value of the masses calculated for the two single strands (61772 u 
and 61514 u) is 61643 u. Mass resolution: 39. 

FIGURE 43: a) MALDI-TOF mass spectrum of 7-dea2apurine containing 
lOO-mer PGR product with ribomodified primers. The mean value of the masses calculated 
for the two single strands (30529 u and 3 1095 u) is 308 12 u. b) MALDI-TOF mass 
spectrum of the PGR-product after hydrolytic primer-cleavage. The mean value of the 
masses calculated for the two single strands (25 104 u and 25229 u) is 25 1 67 u. The mean 
value of the cleaved primers (5437 u and 591 8 u) is 5677 u. 

FIGURE 44 A-D shows the MALDI-TOF mass spectrum of the four 
sequencing ladders obtained fi-om a 39-mer template (SEQ. ID. No. 13). which was 
immobilized to streptavidin beads via a 3' biotinylauon. A 14-mer primer (SEQ. ID. NO. 
1 4) was used in the sequencing. 

FIGURE 45 shows a MALDI-TOF mass spectrum of a solid state 
sequencing of a 78-mer template (SEQ. ID. No. 15). which was immobilized to streptavidin 
beads via a 3' biotinylation. A 18-mer primer (SEQ ID No. 16) and ddGTP were used in 
the sequencing. 

FIGURE 46 shows a scheme m which duplex DNA probes with single- 
stranded overhang capture specific DNA templates and also serve as primers for soUd state 
sequencing. 

FIGURE 47A-D shows MALDI-TOF mass spectra obtained from a 5' 
fluorescent labeled 23-mer (SEQ. ID. No. 19) annealed to an 3' biotinylated 1 8-mer (SEQ. 
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ro. No. 20), leaving a ovcAaog. wwITcap,^ a ,5..er «npU« (SEQ. m. N„. 

O-^ r^on d=r^ nol^^ P-oduo. „.«„ed fi.. 

^ """"M on ^convendonalDNA sequencer. 

DetailM f^^-^„ „f,^ 

In general, the instant invention provides mass «r»»-«, .■ 

detecting a partcular nucleic acid sequence in a biolo^c^r^ 
..nn -biological sample- „fas to aTy o^tedal 06,^^17 "'"'^ 
.0 hunun, anin^, plan, bacteria. fi«.gi. protisnlilLr^rtTin ^ 

^ opcal san^le Should contain a nucleic acid JleL?^^^ 

biological samoles for u«a» Jn tt,» • • V^^^P»es of ^propnate 

PeUe^biopsiirbS^^r^^^^^^ 

wash); saliva, amniotic fluid, mo'Gtfi 

molecules can be isolaf^w fi.«™ - . 
-tag any of a number of procedutes, w^ch l^"' "7 -"P'= 

isolation procedure chosen bei„» , ' well-knovvn m the art. the particular 

molecules fion. ^r:^.tl'^d':nr ^ '"^'^ """''^ 
20 Obtahtlng nucleic acid ^>^^::Zr^:^ ^2Z.tZZ- ""f 

srg::^^""^'""^'""-^""'-^--^^^- 

-o.mmasss^r«:z:eonr:~t:rr^°""'^*''° 

.-XiWchainreactiSrc^e^r:^:.^^^^^^ 

3, Pp. 57-64- F Ra™„„ o », . ^-^ ct. ai., uyV4) I'CR Methnrtc App v^t 

^J^ ' A^-a//- ^cari ^-c/ USA 88, 189.93Vl99n ^r>A a- r 

30 amplification fSDA) ro Terran^o «/ ii . • ' ^-^ ( i yy 1), strand displacement 

andvariadons^lLRT^r r ■ ^^'^"^^ 

RT-PCR(Higuchi, et al, Bio/Technology //•1026-1030 fI90-« 

alWe-spectfic amplificadon (ASA) and tmnscription based pt^es^s ' 

a nucleic acid ^^,^^T' ^ containing 

^ -p-H-so,idr;::rc;:'n:::7e:r:r:::^^^^^^^ 

Po....ene.^,ypro— 
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plates)); or pins or combs made from similar materials comprising beads or flat surfaces or 
beads placed into pits in flat surfeces such as wafers (e.g. silicon wafers). 

Immobilization can be accomplished, for example, based on hybridization 
between a capture nucleic acid sequence, which has already been immobUized to the 
support and a complementary nucleic acid sequence, which is also contained within the 
nucleic acid molecule containing the nucleic acid sequence to be detected (FIGURE 1 A) 
So that hybridization between the complementary nucleic acid molecules is not hindered by 
the support, the capture nucleic acid can include a spacer region of at least about five 
nucleotides in length between the solid support and the capture nucleic acid sequence IT.e 
duplex formed wiU be cleaved under the influence of the laser pulse and desorption can be 
mitiated. The soUd suppon-bound base sequence can be presented through natural 
oUgoribo- oroligodeoxjfribonuclMtide asWPas^m^^^ • r f . 

phosphodiester or phosphotriester backbone) or employing oligonucleotide mimetics such 
as PNA analogs (see e.g. Nielsen et al. Science, 254, 1497 (1991)) which render the base 
sequence less susceptible to enzymatic degradation and hence increases overall stability of 
the solid siqiport-bound capture base sequence. 

Alternatively, a target detection site can be dirwtly linked to a solid support 
via a reversible or irreversible bond between an appropriate functionality (L') on the target 
nucleic acid molecule (T) and an appropriate fiinctionality (L) on the capture molecule 
(FIGURE 1 B). A reversible linkage can be such that it is cleaved under the conditions of 
mass spectrometry (i.e., a photocleavable bond such as a charge transfer complex or a labile 
bond being formed between relatively stable organic radicals). Furthermore, the linkage 
can be formed with L' bemg a quaternary ammonium group, in which case, preferably, the 
surface of the solid support carries negative charges which repel die negatively charged 
nucleic acid backbone and thus facilitate the desorption required for analysis by a mass 
spectrometer. Desorption can occur eitfier by the heat created by the laser pulse and/or, 
depending on L,' by specific absorption of laser energy which is in resonance with the L* 
chromophore, . 

By way of example, the L-L' chemistry can be of a type of disulfide bond 
(chemically cleavable. for example, by mercaptoethanol or dithioerythrol). a 
biotin/streptavidin system, a heterobifunctional derivative of a trityl ether iroup (Koster et 
ai, "A Versatile Acid-Labile Linker for Modification of Synthetic Biomolecules," 
Tetrahedron Lenrrs 11. 7095 (1990)) which can be cleaved under mildly acidic conditions 
as well as under conditions of mass spectrometry, a levulinyl group cleavable under almost 
neutral conditions with a hydrazinium/acetate buffer, an arginine-arginine or lysine-lysine 
bond cleavable by an endopeptidase enzyme like trypsin or a pyrophosphate bond cleavable 
by a pyrophosphatase, or a ribonucleotide bond in between the oligodeoxynucleotide 
sequence, which can be cleaved, for example, by a ribonuclease or alkali. 
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the^hv f ^<^^onali^cs, L and L,' can also form a charge transfer complex and 

thereby form the temporary L-L- linkage. Since in many cases the "charse-transflbTd' 
can be determined by UV/vis spectrometty (see e.g. Q:g.m^£h,,g,S,^^ 

energyofthecfaarge-transferwavelengthand,tht,s,aspecificdesorpti^^ ' 

Z^e^^if fr^^^^^^-^^-^tharseveral coitions 

can serve this purpose and that the donor functionaaty can be either on rh. ^v^ 

coupled to the nucleic acid molecule to be detected oTvi" vlrl " 
^ ^P™^*=^ 3 '^versible L-L' linkage can be ~r,^to^ u 

«toon «, .h. dissooaaon en^gie. n«d=d «, homolydcaUy cleave fte bond benveeSthL 

1 3 Wentnip, John Wiley & Sons, 1984). ^ 

sequence aCsZ'^'^'^^ ^ ""n-iaKd into a «^e, capnmng 

ui^ LCK (FIGURE 5) or ttanscnpoon amplificadon (FIGURE 6A) 

20 acid™„,. , '^"'°'^'^™'^'=^^='^-''™5"«>»«<U to -condition" nucleic 
^Z^"' 1-er ene,^ required for voladzation an^ » 

-mm^ fa^entatton. Conditioning is p„=ferably petfonned while a target detection ^ 
™bU^d. An exan,ple of conditioning is n,odificauon of the phosphtu^ 

peak broadening due to a heterogeneity in the cations bound per nuclejd e 

^o^e^nude P-iodoethanol. or 24^,y.,.propanol. the ntonothio phosph<^°^tt. 
bo^ds ofanucle. acidnt^ecule can be t,ansfo,n,ed in^ 

0 Sicit f ■ — "i-io-tag involves incorpotating nucleotides which 

reduce scnstrntty for depurination (fragmentation during MS) such as N7. or N9. 
Aazapunne nucleoUdes, or RNA building blocks or usmg oligonucleotide triesters or 
mcotporanng phosphorothioate functions which are alkylated or employing oligonucleotide 

mimetics such as PNA. ""gonucieonae 

one (mutated. iLT„"^ »PP«<=-'i°ns, it may be useful to simultaneously detect mote than 
one (mutated) loc, on a pamcular cap,un=d nucleic acid fiagment (on one spot of an array) 
o may be useful to perfonn parallel processing by usmg oligonucleoUdeCr 

b~'di? "f °° """"" ■"""iP'-i^- can be achieved 

IZT. -"^"'OS- For example, sevetai mutaUons can be simultaneously 

detected on one target sequence by employing conesponding detector (ptobe) molecules 
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(e.g. oligonucleotides or oUgonucleotide mimetics). However, the molecular weight 
dififerences between the detector oligonucleotides DI. D2 and D3 must be large enough so 
that simultaneous detection (multiplexing) is possible. This can be achieved either by the 
sequence itself (composition or length) or by the introduction of mass-modifying 
functionalities Ml - M3 into the detector oligonucleotide.(FIGURE 2) 

Mass modifying moieties can be attached, for instance, to either the S'-end 
of the oligonucleotide (M^), to the nucleobase (or bases) (M2, m7), to the phosphate 
backbone (M3), and to the 2'-position of the nucleoside (nucleosides) (M^, M^) or/and to 
the temiinal 3-position (M^). Examples of mass modifying moieties include . for example, 
a halogen, an azido, or of the type, XR, wherein X is a linking group and R is a mass- 
modifying functionality. The mass-modifying functionality can thus be used to introduce 
defined mass increments into the oligonucleotide molecule. 

Here the mass-modifying moiety, M, can be attached either to the 
nucleobase, m2 (in case of the c^-deazanucleosides also to C-7, M^), to the triphosphate 
15 group at the alpha phosphate, m3, or to the 2'-position of the sugar ring of the nucleoside 
triphosphate, m4 and m6. Furthermore, the mass-modifying functionality can be added so 
as to affect chain termination, such as by attaching it to the 3'-position of the sugar ring in 
the nucleoside triphosphate, M5. For those skiUed in the art, it is clear that many 
combinations can serve the purpose of the invention equally well. In the same way, those 
skilled in the art wiU recopiize that chain-elongating nucleoside triphosphates can also be 
mass-modified in a similar fashion with numerous variations and combinations in 
functionality and attachment positions. 

Without limiting the scope of the invention, the mass-modification, M, can 
be introduced for X in XR as well as using oligo-/polyethylene glycol derivatives for R. 
The mass-modifying increment in this case is 44, i.e. five different mass-modified species 
can be generated by just changing m fi-om 0 to 4 thus adding mass units of 45 (m=0), 89 
(m=l), 133 (m=2), 177 (m=3) and 221 (m=4) to the nucleic acid molecule (e.g. detector 
oUgonucleotide (D) or the nucleoside triphosphates (FIGURE 6(C)), respectively). The 
oligo/polyethylene glycols can also be monoalkylated by a lower alkyl such as methyl, 
ethyl, propyl, isopropyl, t-butyl and the like. A selection of linking functionalities, X, are 
also illustrated. Other chemistries can be used" in the mass-modified compounds, as for 
example, those described recently in Oligonucleotides and Analogues. A Practical 
Approach, F. Eckstein, editor, IRL Press, Oxford, 1991. 

In yet another embodiment, various mass-modifying functionalities, R, other 
than oligo/polyethylene glycols, can be selected and attached via appropriate linking 
chemistries, X. A simple mass-modification can be achieved by substituting H for 
halogens like F. CI, Br and/or I, or pseudohalogens such as SCN, NCS, or by using 
different alkyl, aryi or aralkyl moieties such as methyl, ethyl, propyl, isopropyl, t-butyl, 
hexyl, phenyl, substimted phenyl, benzyl, or functional groups such as CH-jF, CHF?, CF3, 
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Si(CH3)3. Si(CH3)2(C2H5), Si(CH3XC2H5)2, SiCC^HO. Yet «no.i, 

can be obtained by anach;nah«,««_ u 1 ^'^'^2«5)3 - Yet another mass-modification 

(e.g. detector (I^LTT ^ °' ^-Sh the nucleic acid molecule 

achieved Simple oU^l^^^^^ ^ -3), 245 .=4) are 

an. it ^11 be obvious that the:^' 1 1^:^^^^^^!^'- ^^^^ ^^"^^^ ^ 
above. ■"^'"'"''^"''ddinonloihosemennoned 

Al«n™v=,v ail fl^ '^•^"■■"^■^ simma^ously (FIGURE 6B). 

difrer=„rt»« ' ^""^ ^ """ipl^ -fclection fbmiat. in which 

target sequences Tl Tn « ... P different 

6 o^uences 11 -Tn are present, their target capturesitesTCqi Tr-c •„ 
specifically interact with ^ i . 1 <-i>l - TCSn will 

.-Jo u- - f z"'^"*'^ complementary immobilized capture seauence^ r^ r r. ■ 
xs achieved by emnlfivmtr o«.,-^ • . sequences CI -Cn. Detection 

fimctionalities Ml - Mn. sequences or by mass modifying 

micnace (AFl) and then mass analyzed bv a anpHn.T^/^i^ -ru 
m^tiple ion peaks which can be obWned usiL Esl^T^T ^""^"^ 
accuracy of the mas»H.,. ■ ° ^ *P~w>"i=try can increase the 

-ctJitZn^— mS.°: rr °" ^'^'"^ 

uunea usmg an MS/MS quadnipole configuration 
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In MALDI mass spectrometry, various mass analyzers can be used, e g 
magneuc sector/magnetic deflection instruments in single or triple quadrupole mode " 
(MS/MS), Fourier transform and time-of-flight (TOF) configurations as is known in the an 
of mass spectrometry. For the desorption/ionization process, numerous matrix/laser 
5 combmations can be used. lon-trap and reflectron configurations can also be employed. 

The mass spectrometric processes described above can be used, for example 

to dxagnose any ofthe more than 3000 genetic diseases curTenUykno^vn(e.g hemophiUas ' 
thalassemias, Duchemie Muscular Dystrophy (DMD), Huntington's Disease (HD) 
Alzhernier-s Disease and Cystic Fibrosis (CF)) or to be identified. 

following Example 3 provides a mass spectrometer method for 
detectmg a mutation (AF608) of the cystic fibrosis transmembrane conductance regulator 
gene (CFTR), which difi!prs by only three base pairs (900 daltons) fioiii the wild typ4 of ^ ^ 
CFTR gene. As described further in Example 3, the detection is based on a single-tube 
competitive oligonucleotide single base extension (COSBE) reaction using a pair of 
1 5 pnmers with the 3'.iemiinal base complementary to either the normal or mutant allele 

Upon hybridization and addition of a polymerase and the nucleoside triphosphate one base 
downstream, only those primers properly annealed (i.e., no 3'-terminal mismatch) are 
extended; products are resolved by molecular weight shifts as determined by matrix 
assisted laser desorption ionization time-of-flight mass spectrometry. For the cystic 
0 fibrosis AF508 polymorphism, 28-mer 'normal' (N) and 30.mer 'mutant' (M) primers 
generate 29- and 3I-mers for N and M homozygotes, respectively, and both for 
heterozygotes. Since primer and product molecular weights are relatively low (<1 0 kDa) 
and the mass difference between these are at least that of a single -300 Da nucleotide unit, 
low resolution instrumentation is suitable for such measurements. 
' In addition to mutated genes, which result in genetic disease, certain birth 

defects are the result of chromosomal abnormalities such as Trisomy 21 (Down's 
Sj^drome), Trisomy 13 (Patau Syndrome), Trisomy 18 (Edward's Syndrome). Monosomy 
X (Turner's Syndrome) and other sex chromosome aneuploidies such as Klienfelter's 
Syndrome (XXY). 

Further, there is growing evidence that certain DNA sequences may 
predispose an individual to any of a number of diseases such as diabetes, arteriosclerosis, 
obesity, various autoimmune diseases and cancer (e.g. colorectal, breast, ovarian, lung); 
chromosomal abnormality (either prenatally or posmatally): or a predisposition to a disease 
or condition (e.g. obesity, artherosclerosis, cancer). Also, the detection of "DNA 
fingerprints", e.g. polymorphisms, such as "microsatellite sequences", are useful for 
determining identity or heredity (e.g. paternity or maternity). 

The following Example 4 provides a mass spectometer mediod for 
identifying any of die three different isofonns of human apo lipoprotein E. which are coded 
by the E2, E3 and E4 alleles. Here the molecular weights of DNA fragments obtained after 
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«n „i* app^pHa^ ,«rt<=,o„ endo„uc,«=s can be u.ed .o <,e«c, U,c p^«., 
°°P°^S°"'^''i°'°8i'=^ ^le,tlK diagnosis for a 6=n«icdi^ 

"<'■«• infeedousoiganisms contain di«i„„ 

284 (1?85). Warn Hobson, S. et al. Cell, Vol. 40: Pp. 9-17(1985))- HIV 7 i<> 
al.,A^a/«re.Vol.328,Pp 662-669 n QR-n- p n HIV-2 (See Guyader et 

1 5 rhoi^K ■ . ^ European Patent Publication No 0 269 520- 

1 5 Chakraboiti et al.. Nature, Vol. 328 Pn 543.547 /, qo,^ ' 

No 0 655 50 1 )- ntK • , ^ ^' European Patent Application 

* V ojj jui;, and other isolates such mv r d /t • • , 
94/00562 entitled , » , (Intcmationai Publication No. WO 

w:>o^ ennued A Nmel Human Immtmodejtctmcv Virus"- Pf,„™~ ■ , 
vinBes, hcpatius A vims r , , ^ "^"^ • ''"ormivvulae (e.g., poUo 

:0 cause gasttocTt^Zro'Z^' ^^oviruses); Ca/c/v/.M,e (e.g.. suains that 

avmane (e.g.. dengue vmises, encephalitis viruses, yellow fever vir„^% ^ . , 
(e.g.. cotonavimses); RhabJovlrida. (e g vesicular i^™^^' Coro^^rf^e 
Faoyiridae(tE ebola«W,, P ^ ^ ' >=l>ies viruses); 

virus me,,. * /■""•am^ovW.i,. (e.g.. parainfluenza viruses, mumps 

""^-""^^vu^. respiratory syncytial vinu>);0„Aom,aovrr^^ influ^ 

vuus«),^na vtndae (hemorrhagic fever viruses): Reo.iridae (e.g.. reoviruses ^ - 
o*.v,,^a,^„^^j^^^_,,^^^.^^^^^^^^^ 

2"--,^^ (parvoviruses); Papa.^ir,^e (papilloma viruses, polyoma v^es)- 

(most adenovinrses): ^^.l^J^ ™>^^ 

f^^^'- ""P- Viruses,; (vi^oU " 
vrnt^ vaccmra vruses, pox viruses); and trUlovlrUo, (e.g.. Aflican swine fever virus)- 

~re L H ^"-^ of Spongifonn encephalopathirsle 

o^non I IT"" "° ' ""'P-'i'i^ B virus' the ag^Tts 

^on-A. n„„.B hepatids (class I - intently ^^.^ ^ = parente 

"-mtned (..e.. Hepadds C); Nor,«lk and .elated viruses, and astrovirusesr 

burgdorfen. Leglomlla pneumophitia. Mycobacttria sns f. , u , a V 

M. iruracMular.. M. konsail. M gorjor^e'^ sZZ '""^■■culosls. M. av,„„. 

aa. goraonaey. Staphylococcus aureus. Neisseria ' 
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gonorrhoeae. Neisseria meningitidis. Listeria monocytogenes. Streptococcus pyogenes 
(Group A Streptococcus), Streptococcus agalactiae (Group B Streptococcus), 
Streptococcus (viridans group). Streptococcus faecalis. Streptococcus bovis. Streptococcus 
(anaerobic sps.). Streptococcus pneumoniae, pathogenic Campylobacter sp., Enterococcus 
sp., Haemophilus influenzae. Bacillus antracis, corynebacterium diphtheriae. 
corynebacteriumsp.. Erysipelothrix rhusiopathiae. Clostridium perfringers. Clostridium 
tetani. Enterobacter aerogenes, Klebsiella pneumoniae, Pasturella multocida. Bacteroides 
sp.. Fusobacterium nucleatum. Streptobacillus moniliformis. Treponema pallidium. 
Treponema pertenue, Leptospira, and Actinomyces israelii. 

Examples of infectious fungi include: Cryptococcus neoformans, 
Histoplasma.capsulatum, Coccidioides immitis, Blastomyces dermatitidis,Chlamydia 
trachomatis. Candida albicans. Other infectious organisms (i.e., protists) include: 
Plasmodium falciparum ^nd Toxoplasma gondii. 

The following Example 5 provides a nested PGR and mass spectrometer 
based method that was used to detect hepatitis B virus (HB V) DNA in blood samples. 
Similarly, other blood-bome viruses (e.g., HIV-l, HIV-2, hepatitis C virus (HCV), hepatitis 
A virus (HAV) and other hepatitis viruses (e.g., non-A-non-B hepatitis, hepatitis G, hepatits 
E), cytomegalovirus, and herpes simplex virus (HS V)) can be detected each alone or in 
combination based on the methods described herein. 

Since the sequence of about 16 nucleotides is specific on statistical grounds 
(even for a genome as large as the human genome), relatively short nucleic acid sequences 
can be used to detect normal and defective genes in higher organisms and to detect 
infectious microorganisms (e.g. bacteria, fungi, protists and yeast) and viruses. DNA 
sequences can even serve as a fingerprint for detection of different individuals witiiin die 
same species. (Thompson, J.S. and M. W. Thompson, eds.. Genetics in MediVin>. w R 
Saunders Co., Philadelphia, PA ( 1 986). 



One process for detecting a wildtype (Dwt) and/ or a mutant (Dmut) 
sequence in a target (T) nucleic acid molecule is shown in Figure IC. A specific capture 
sequence (C) is attached to a solid support (ss) via a spacer (S). In addition, the capture 
sequence is chosen to specifically interact witii a complementary sequence on die target 
sequence (T), the target capture site (TCS) to be detected du-ough hybridization. However, 
if the target detection site (TDS) includes a mutation, X, which increases or decreases the 
molecular weight, mutated TDS can be distinguished fitjm wildtype by mass spectrometry. 
For example, in die case of an adenine base (dA) insertion, die difference in molecular 
weights between Dwt and Dmut would be about 3 14 daltons. 
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^^P">cess of this invention makes r.ftk« u.^ 

ofthe taigetseauenceanHi.^ • "^'^^ sequence infonnation 

»*iw uugci sequence ana known mutation site<! AUhn,.r,u 

dete^ioH Vr. , °"^'^-^"io"gh new mutations can also be 

aetected. Forexamp e, asshowninFIGrjRF r • • ^ '^•usooe 

mZZr f of*' "o'^ul- -ights between wfldtype L 

mutant fragment mixtures results in mutation detectioa "JTWrna 

Which M ^ r*^'"' ^''^'^'^ "'"^^ *= Mowing examples 
w^ch sliould ttot be constn^d as limiting to any way. The contents of Si ci J 

ftocll ' ""^ ^"^^ P-^'-hed patent ap^ications 

(mdudtng mtemational patent application Publication Number WO 94/1 6m 

apphcattonPubltcauon Number WO 94/21822 entiUed "DNA Sequenctog by Mass 
Sp^ttometty Via Exonuclease Degtadadon" by H. Koester), and co-pe^g p^, 
apphcattons (including U.S Patent Application Serial No. 08/406.199 entied^^ 

apphcauon are hereby expressly incotpomted by reference. 

MAI,pt-TOF d^o^rto. Of nli, 1,^ 

I g CPO (Conttolled Pore Glass) was ftmctionalized with 3-<triethoxysilvlV 
epow~pan to fonn OH-groups on the polymer surfece. A standard oligonSetZ 
^ynthests With 13 mg of the OH^PO on a DNA synthesi^r (MilligctCMlTyX 
employmg p^yanoethyl-phosphoamidites (K«ster et al.. Nucleic AciS 4^39 
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(1994)) and TAG N-protecting groups (Koster et al.. Tetrahedron, 37, 362 (1981)) was 
perfonned to synthesize a 3-.T5.50mer oligonucleotide sequence in which 50 nucleotides 
are complementary to a "hypothetical" 50mer sequence. T5 serves as a spacer. 
Deprotection with saturated ammonia in methanol at room temperature for 2 hours 
furnished according to the determination of the DMT group CPG which contained about 10 
umol 55mer/g CPG. Tl^ 55mer served as a template for hybridizations with a 26mer (with 
5 -DMT group) and a 40mer (without DMT group). The reaction volume is 1 00 ul and 
contams about Imnol CPG bound 55mer as template, an equimolar amount of 
ohgonucleotide in solution (26mer or 40mer) in 20mM Tris-HCI, pH 7.5, 10 mM MgCI 
and 25mM NaCI. The mixmre was heated for 10' at 65»C and cooled to 370C during 30' 
(annealing). The oUgonucleotide which has not been hybridized to the polymer-bound 
template were removed bjy centrilugationand.three sub^^^^ 

steps with 100 ul each ofice-cold 50mM ammoniumcitrate. ITie beads were air-dried and 
mixed widi matrix solution (3-hydroxypicolinic acid/1 OmM ammonium citrate in 
acetonitriywater, 1:1), and analyzed by MALDI-TOF mass spectrometry. The results are 
presented in Figures 10 and 1 1 



^^P*^2 Electrosprav (FS^ desomrion and difFer^nt;».Mon of an ] «■ 



mer and T Q-mtr 



DNA fragments at a concentration of 50 pmole/ul in 2-propanoI/lOmM 
ammoniumcarix>nate (1/9. v/v) were analyzed simultaneously by an electrosprav mass 
spectrometer. 

The successful desorption and differentiation of an 1 8-mer and I9-mer by 
electrospray mass spectrometry is shown in FIGURE 12. 

^^^P'^ ^ Petection of The Cvstic Fihrosfs Mutation AF^n« hy sin>.le .t.n H.H 

extension and analysis hv MALDI-TOF mass spectrometry 

MATERIALS AND METHODS 

PCR Amplification and Strand Immobilization. Amplification was carried 
out with exon 10 specific primers using standard PCR conditions (30 cycles: l'@95°C, 
l'@55»C, T@72°C): the reverse primer was 5' labelled with biotin and column purified 
(Oligopurification Cartridge, Cruachem). After amplification the PCR products were 
purified by column separation (Qiagen Quickspin) and immobilized on streptavidin coated 
magnetic beads (Dynabeads, Dynal, Norway) according to their standard protocol; DNA 
was denatured using O.IM NaOH and washed with 0. 1 M NaOH, IxB+W buffer a^d TE 
buffer to remove the non-biotinylated sense strand. 
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COSBE Conditions. The beads containine lieateH an*;.-- ^ 
resuspendedm I8mI of Reaction mix I (2 1 OX T^!^! TrT 
2 ^iL of 2 mM dGTP and 13 aT H n^ t ^ ' 1 JxL (I unit) Taq Polymerase, 

louvx uvjir, and i j \xL HoO) and incubated at «n<»r f/^^ c u r . 

Reaciton mix 2 (100 ng each of COSBE unJZ^ °f 

5 anWth- • - ^^^^ 

:> and the mixmres mcubated for a 5' ann«,i;n«/-^ reaucea to 60 C 

Primer Sequences. All primers were synthesized on a Per,..«H 

containing an intentional mismatch one base before the 3 ' te^^) \. ■ 

previoi. ARMS study (Ferrie et al., (1992M« ^^^ 

excep^n that t^vo bases were n^moved W the 5^d Of the nl^ 

15 ExlO PGR (Forward): 5'-BIO-GCA AGT GAA TCC TGA GCG Tr r .ce^ 
ExIO PGR (Reverse): 5'-GTG TGA AGG GIT CAT I^G ™n m m 
COSBE AF508-N S^ATCTAT ATTCATrA-r ..t (SEQIDNo.2) 
No. 3) '''^'^ ''^^ ^ C'^C CAC A.3- (28-mer) (SEQ ID 

COSBE AF508-M 5'-GTA TCT ATA TTC ATn at. 
3 ,IDNo.4) ^^''^'^''^^^^^^^AAACACCATr-3'(30-mer)(SEQ 

lev on the target and conversion dynode. respecti velv Th^^r^ti. i ^ ^im 5 and 20 

was used to determme peak centroids using external calibration; 1 08 Da has b^n 

(8508 6 and 9M8 0 '^^''"^ *' N and M prin,ers 

Wa^n-Cnck bas. pa™,g a. fte variable (V) position are extended by the polym«L 
.f V pa.„ .he 3..<e™i„a, base of N. N is extended „ a 8837.9 
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Likewise, if V is properly matched to the M terminus, M is extended to a 9477.3 Da M+I 
product 

Resttlts 

Figures 14-18 show the representative mass spectra of COSBE reaction 
products. Better results were obtained when PGR prxxlucts were purified before the 
biotinylated anti-sense strand was bound 

^^P**"* Differentiarion of Human Anolinoprotein P T^nfo nm bv M^.. <^j ^. 

Apolipoprotein E (Apo E), a protein component of lipoproteins, plays an 
essential role in lipid metaboHsm. For example, it is involved with cholesterol t^ 
metaboUsm of lipoprotein particles, immunoregulation and activation of a number of 
lipolytic enzymes. 

There are three common isofonns of human Apo E (coded by E2, E3 and E4 
alleles). The most common is the E3 allele. The E2 allele has been shown to decrease the 
cholesterol level in plasma and therefore may have a protective efifect against the 
development of atherosclerosis. Finally, the E4 isofoim has been correlated with increased 
levels of cholesterol, conferring predisposition to atherosclerosis. Therefore, the identity of 
the apo E allele of a particular individual is an important determinant of risk for the 
development of cardiovascular disease. 



As shown in Figure 19, a sample of DNA encoding apolipoprotein E can be 
obtained from a subject, amplified (e.g. via PGR); and the PGR product can be digested 
using an appropriate enzyme (e.g. Gfol). The restriction digest obtained can then be 
analyzed by a variety of means. As shown in Figure 20, the three isotypes of 
apolipoprotein E (E2, E3 and E4 have different nucleic acid sequences and therefore also 
have distinguishable molecular weight values. 

As shown in Figure 2 1 A-G, different Apolipoprotein E genotypes exhibit 
different restriction patterns in a 3.5% MetPhor Agarose Gel or 12% polyacrylamide gel. 
As shown in Figures 22 and 23, the various apolipoprotein E genotypes can also be 
accurately and rapidly determined by mass spectrometry. 

Example 5 Detec tion of hepatitis B virus in serum samples. 
MATERIALS AND METHODS 
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Sample preparation 

Phenol/cholofonn extraction of viral DM a c , , 

'vas done „ ^^^^^ "'"^ ^^-^ B"-! =*anol pr=cipi«io„ 

^ First PCR. 

Each reaction was performed with 5iil of th*» nxi a 
15 pmol of each primer and 2 units Taq DNA^o^^ Preparauon from serum. 

Germany) were ^ed The iT P°«ynierase (Perkin Ehner, Weiteistadt, 

were used. Ine final concentration of each dNTP u/ac -^nn »>r u ^ 
of the reaction was 50 ul lOx PCR huW^ n> ^- ^ ^ 

15 Nested PPP > 

200 MM of each 5 uTS^« Herfelb«s. Getmany). a final concen^ation of 

0 KC. ,00 mM (NH^s^ 20 lr»f.n Tn-HC. pH 8.73. 100 ^ 

HBV13: 5'-TTGCCTGAGTGCAGTATGGT-3 ■ 

HBV.,.o:B.^.5-.OC.CX....co=<^,,„.3 , . \Z Z Z:l\ ■ 
Purificatinn of Prp 

For the recording of each spectrum one PCR SfiM I r ^ 
described above) was used PT,rJfJ..f 50 ^il. (performed as 

minu^s. 23m (.0^8/^1) s^ptavidta Dy Jltm^ cenmft^aBon a, 8000 n>m for 20 
prepared according ,o the tasmicdon^ of ^ *' ^^^^ 

the PCR samples still in the fllr™,- . ^ ^ ^^^CI). This suspension was added to 

-.„.for,?::::::rr.r:;~"=^ 

HpP«.orf and .e ed".:.^ ^f ^^^^e ' ' 
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CoUectcr. MPC. (Dynal, Hamburg. GcaJy). 71.0 beads w«. ^ ^„ ^ 50 u. of 
L »Wo". PH «.0 (the sup«.u«n, was ^.oved each toe ming 

*e MPO. aeavag. fiom the beads can be acconiplished by using formamide at 90-C 

TT»»'«>«n^'»3sdriedmaspeedvacforabou.anhourand«suspendedin4ulof ' 
5 "J"^ ™«r (MiUiQ UF p,us MiUipore. Eschbon. Ge^any). This ptepat^c, »^ 
used for MALDI-TOF MS analysis. parauouwas 

MAT.ni.TnF Mg; 

in • ^- , piloted onto the sample holder then 

10 unm«ha«.y mixed »ith 0.5 m matrix solution (0.7 M3.hyd,»xypico.inic acid 5.^. 

acetotuwe, 70 mM ammonium ciu™=). This mixture was dried at ambient temperature 
, and mtt^uced mto the ^spectrometer. -AU spectr* wete taken iti^^^^^^^^^ 

reflectron (3 keV ton source. 20 keV postacceletation) and a 337 nm nitrogen laser 

sample was measured 
with dtfferem laserenerg.es. In the negative samples, the PCR produa was detected 
n..d,er with less nor with higher laser ««rgies. In the positive samples the PCR product 
was detected at different places of the sample spot and also with varying laser en^ 

20 Results 

A nested PCR system was used for the detection of HBV DNA in blood 
samples employing oligonucleotides complementary to the c region of the HBV genome 
(pnmer 1 : beginning at map position 1763, primer 2 beginning at map position 2032 of the 
complementary strand) encoding the HBV core antigen (HBVcAg). DNA was isolated 
from patients serum according to standard protocols. A first PCR was performed with the 
UNA from these preparations using a first set of primers. If HBV DNA was present in the 
sample a DNA fragment of 269 bp was generated. 

In the second reaction, primers which were complementary to a region 
within the PCR fragmem generated in the first PCR were used. If HBV related PCR 
products were present in the first PCR a DNA fragment of 67 bp was generated (see Fig 
25A) m this nested PCR. The usage of a nested PCR system for detection provides a high 
sensitivity and also serves as a specificity control for the external PCR (Rolfs. A et al 
PCR: Clinical Diagnostics and Research, Springer, Heidelberg, 1992). A fiirther advailtage 
IS that the amount of fragments generated in the second PCR is high enough to ensure an 
unproblematic detection although purification losses can not be avoided. 

The samples were purified using ultrafiltration to remove the primers prior 
to immobilization on streptavidin Dynabeads. This purification was done because the 
shorter primer fragments were immobilized in higher yield on the beads due to steric 



25 
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'^^ons. The unmobilization was done directly on the mtrafilt«r,« 

substance losse. due to unspecific absorption on the Jr^T ™ '° 

the beads were washed with anunonium citrate to pirr^^^^ ^o"o-ng onmobilizatio. 
aL. (1993) Nucleic Acids Res 21 -3 191 "'^"^Se (Pieies, U. 

^ -------~i^rairci^^^^^^ 

short tune, but does not result in an introduction oflCll^^ 

The nested PCRs and the MaLDI TOP —I • 
'mowing the tesults of serological analyst Due ,o«l!t "° 

.0 --^-^nsednnd.-,„tedasjp,a.rd:r:.rro:::^:t 

Sample 2 was a serum samole fron, « u ^ '° ^ '^^^ ^y^'S- 

1 c . . sample from a pauent with an active RR v • 

" '^"^ HBV positive in a dot blot analysis Salf, 

^Ple d«refore no sen^Iogicial analysis could te nL . t ' "'"^ ""^ 

ni-ases indicating liver diseJ^^^^'T bu, an increased level of 
24). the PCR of this sample Z^jTT' '^^''^^"^^ '-^y^ (Figure 
HBVhtfection. ™s sample rofTt^oTM^^T^rT""^ 
20 demonstrates that even low-level amounts of PCr;^ '^^'^ " 

purification procedm^. Sample 4^ ' ^« 

Sa.np,es5and6_ooU^lrp:^:::~""'"*^°'™^^^-''- 

Figure 24 sho,vs the r^toof a^AGE 7 ™^ 
A PCR product is clearly revealed in s^lples 2°,^!^, ^ 
25 generated, it is indeed HBVne«adve arcL T ^P'= " "o PCR ptoduct 

and positive controls are indicateTbv 71 ^ ' ^'y^'^- N=gad- 

visibtein ,anes2.5 6 ™d" i^„^, T ^^P'^^aUon artifacts are 

generated if d,e .;m;l:t;"2:t 7^0"!,^ 7 ~ 
detectable if the template .as no, '"uU'"^?^:^ ofroH "i"" '"^ """^ 

number 1 geneXd pu^fi:" rH^^ "'T^ '""^ ^^^^^ ^^P'' 
Single sttanded PCR pj„c. (cllr2^^3^:as^:ir " '^"^-■^ 
•he PCR ptoduct cleaved fiom the beads) TT,/" '"'^"'f ^oth strands of 

Of PCR Ptoduc. resulting in an unambiguo'I^X ' 

Fig. 24. the amlt'of Pctr^^rg^ti^" """" ~ ^ « 
-^P-enumber,..e4.the.r.rR:rucT:X^^^^^ 
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20751 Da (calculated 20735). The mass difference is 16 Da (O.O80/0). The spectrum 
depicted m Fig. 25C was obtained from sample number 4 which is HB V negative (as is also 
shown m Fig 24). As expected no signals corresponding to the PGR product could be 
detected. All samples shown in Fig. 25 were analyzed with MALDI-TOF MS. whereby 
PGR product was detected in all HB V positive samples, but not in the HBV negative 
samples. These results were reproduced in several independent experiments. 

^^P^^ 6 Analysis of T.iease Chain Re action Prndnrt^ Via MAT nT.Tnp ka^.^ 
St^ectrometry 

MATERIALS AND METHODS 

Oligodeoxynucleotides 

Except the biotinylated one and all other oligonucleotides were synthesized 
in a 0.2 nmol scale on a MilliGen 7500 DNA Synthesizer (MiUipore, Bedford MA, USA) 
usmg the P-cyanoethylphosphoamidite method (Sinha. N.D. et al., (1984) Nucleic Acids 
Res,^ Vol. 12, Pp. 4539-t577). The oligodeoxynucleotides were RP-HPLC-purified and 
deprotected according to standarf protocols. The biotinylated oligodeoxynucleotide was 
purchased (HPLC-purified) from Biometra, Gottingen. Germany). 

Sequences and calculated masses of the oligonucleotides used- 

OUgodeoxynucleotideA: 5 • -p-TTGTGCCACGCGGTTGGGAATGTA (7521 DaXSEQ ID 
No. 9) 

Oligodeoxynucleotide B: 5 • -p-AGCAACGACTGTTTGCCCGCCAGTTG (7948 Da) (SEQ 
25 ID No. 10) 

Oligodeoxynucleotide C: 5 • -bio-TACATTCCCAACCGCGTGGCACAAC (7960 Da)(SEO 
ID No. II) 
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Oligodeoxynucleotide D: 5 • -p-AACTGGCGGGCAAACAGTCGTTGCT (7708 Da) (SEO ID 
No. 12) 

5'-Phosphorylation of oligonucleotides A and D 

This was performed with polynucleotide kinase (Boehringer, Mannheim, 
German) according to published procedures, the 5'-phosphoiylated oligonucleotides were 
used unpurified for LCR. 

Ligase chain reaction 

The LCR was performed with Pfu DNA ligase and a ligase chain reaction kit 
(Stratagene, Heidelberg, Germany) containing two different pBluescript KII phagemids. 
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One canying the wildtype fonn of the Rcoli lacl gene and the orh 

genewithasinglepointn^utationatbp 191 oiJZZT ™'^'''''^^ 

The following LCR conditions were used for 
DNA (0.74 faol) wift 500 pg sonified sateon s^^vf ' 
S each y^ospho-ytaed oligoLleoddc^^r^^^tr T"' 
o.igon.,eo.de.4„^^ONAUga3ein'afi:^™Lro 

hga« taction buirer (Snaugene. Heidelbe-g, GennanyT l! If r ^'- '^ 
chemically synthesized ss 50-mer was used n fh,!^ , «l»nn.ent a 

also biotinylat«L AU teactiorweTo^ . ? " C was 

.0 Biotech.Hhe.he^.ae™I~~";„^T'"^'^^^ 

Cand25cyc,esor20seccnds92=C.40s^rrc'^;:r:iSS°^^ 
biotinylatedUgationeductCwasi««l rn o . ^ , "^"PV^^*^ analysis the 

<rr::-M":;a^f-— ^^^^^^^ 

l/min. a gtadien. was applied <^T^I B to 30 """T " ' ""^ " 
minutes and held at lOO-/ R ^7 » '"O*/. B in 2 

^ -eithe.wiCrr:ei7r:j:;r"^ 

^^'"P^e preparation for MALDI-TOF~MS 
Preparation of inunobilized DMA- P«,»i,^ j- 
LCRs (^rfonned as descriheH recording of each spectrum two 

DynaBeads (Dvnal Hamburg r . '^^'^^ ^ streptavidin 

.««»ha,.:gri5rra?:z.^:cr teT'^^""^^^ 

a Magnetic Particle Collector MPC rDvnallTr' "moved using 

cashed twice with 50 ul of 0 7 M , "^^ ^ 

~ each tit^e ^i^the l^crTZ"""' - 
(MilliQ, Millipore. BcdfW ^ usit w " ^'^ 

TOF-MS analysis as descn^low '"^'^ 

recording of sp^Cto LcLX^"" "^^^^ 

»ith 2x B/W buffer and conc!^^ T .1 ^ '^"'^ """""■J ' ^ ' 

ouiier and concennated with a 5000 NMWL Ultrafi^-MC filter unit 
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(MiUipore, Eschbom, Germany) according to the instructions of the manufacturer. After 
concentration the samples were washed with 300 ^1 Ix B/W buffer to streptavidin 
DynaBeads were added. The beads were washed once on the Ultrafree-MC filtration unit 
with 300 fil of Ix B/W buffer and processed as described above. The beads were 
resuspended in 30 to 50 of Ix B/W buffer and transferred in a 1.5 ml Eppendorf tube. 
The supernatant was removed and the beads were washed twice with 50 ixl of 0.7 M 
ammonium citrate (pH 8.0). Finally, the beads were washed once with30 ^l of acetone and 
resuspended in 1 ,al of ultrapure water. The ligation mixture after immobilization on the 
beads was used for MALDS-TOF-MS analysis as described below. 

MALDI-TOF-MS 

A suspension of streptavidin-coated magnetic beads Wittfffi^^^ 
DNA was pipetted onto the sample holder, then immediately mixed with 0.5 pil matrix 
solution (0.7 M 3.hydroxypicolimc acid in 50% acetonitrile, 70 mM ammonium citrate). 
This mmure was dried at ambient temperature and introduced mto the mass spectrometer 
All spectra were taken in positive ion mode using a Finnigan MAT Vision 2000 (Finnigan 
MAT, Bremen, Germany), equipped with a reflectron (5 keV ion source, 20 keV 
postacceleration) and a nitrogen laser (337 nm). For the analysis ofPJu DNA ligase 0 5 jil 
of the solution was mixed on the sample holder with 1 of matrix solution and prepared as 
descnbed above. For the analysis of unpurified LCRs 1 nl of an LCR was mixed with 1 
matrix solution. 

RESULTS AND DISCUSSION 

The E. coli lad gene served as a simple model system to investigate the 
suitability of MALDI-TOF;-MS as detection method for products generated in ligase chain 
reactions. This template system consists of an £-.co///flcI wildtype gene in a pBIuescript 
Kn phagemid and an £. coli lad gene carrying a single point mutation at bp 1 9 1 (C to T 
transition) in the same phagemid. Four different oligonucleotides were used, which were 
ligated only if the £. coli lad wildtype gene was present (Figure 26). 

LCR conditions were optimized using P/u DNA ligase to obtain at least 1 
pmol ligation product in each positive reaction. The ligation reactions were analyzed by 
polyacrylamide gel electrophoresis (PAGE) and HPLC on the SMART system (Figures 27, 
28 and 29). Figure 27 shows a PAGE of a positive LCR with wildtype template (lane 1). a 
negative LCR witii mutant template ( 1 and 2) and a negative control which contains 
enzyme, oligonucleotides and no template. The gel electrophoresis clearly shows that the 
ligation product (50bp) was produced only in tiie reaction with wildtype template whereas 
neither the template carrying the point mutation nor the control reaction witii salmon sperm 
DNA generated amplification products. In Figure 28, HPLC was used to analyze two 
pooled LCRs with wildtype template performed under the same conditions. The ligation 
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product was dearly revealed. Figure 29 showi the results of a HPLC in ^• u 

negative LCRs with mutant tetnplate wet. analyzeT^l cL^t """'"^ 

data shown in Figure 27 and th/r^ . ^ ^ chromatograms conlinn the 

oI,goaucleodd« (A. B, C, »d D), a syndic ds 50-mer . " 

ligation product), the wildlyiK temnlM. nMi ^ sequence as the 

>0 DNA Hgase i„ uUn hl^ ' ^ DNA and the PJi, 

-e.oncanhe^'^r"^""/'---^^^^^^ 

--i,uotsof,he^e'=^^S^^^^3Zl"ar^^^ 

MS. It turned out that an,™nri,„ , * ^"^^ °°^>^ MALDCTOF- 

5 signals to the un^^^J^rlT' ! " ^'"^'^ ""^^ 

analysis of the NA h2= T^"^ ^ "''^'^ " MALDI-TOF-MS 

«i ^yw tyiNA iigase. The calculated mass values nfftHo« A » j .t. .- 
product are 75? 1 Da and I 'J^ -in o ligation 

analyte/matnx mixture in an unfavorable way. , 

As was shown °" ^"^"^^^^^ ^^""-^ streptavidin-coated magnetic beads were used 
A. wa^ shown m a recem paper, the direct desoxption of DNA immobilized by WaZ 

Spectrom 718-5 i Hfi\ \ a- r. <»' ^ ^-^ UyV4) Kaptd Comm. Mass 

si^iT ^eii^'iX^g 'tL ;iirLcrr;" -^^ ^^-^-^^ 

with a calculated .nass of 752! d/ r ''"8°""='~'i<'= A, 

LCRs rnerfo ^^^^^^'^^/^^^^ ^ MALDI-TOF mass spectrum obtained from two pooled 
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corresponds to the ligation product could be detected. The agreement between the 
calculated and the experimentally found mass values is remarkable and allows an 
unambiguous peak assignment and accxuate detection of the ligation product. In contrast, 
no ligation product but only oligo A could be detected in the spectmm obtained from two 
pooled LCRs with mutated template (Figure 3 1 B). The specificity and selectivity of the 
LCR conditions and the sensitivity of the MALDI-TOF detection is fimher demonstrated 
when performing the ligation reaction in the absence of a specific template. Figure 32 
shows a spectrum obtained from two pooled LCRs in which only sahnon sperm DNA was 
used as a negative control, only oligo A could be detected, as expected. 

While the results shown in Figure 3 l A can be correlated to lane 1 of the gel 
in Figure 27, the spectrum shown in Figure 3 IB is equivalent to lane 2 in Figure 27, and 
finally also the spectrum in Figure 32 corresponds to lane 3 in Figure 27. The results are in 
congruence with the HPLC analysis presented in Figures 28 and 29. While both gel 
electrophoresis (Figure 27) and HPLC (Figures 28 and 29) reveal either an excess or almost 
equal amounts of ligation product over ligation educts, the analysis by MALDI-TOF mass 
spectrometry produces a smaller signal for the ligation product (Figure 3 1 A). 

The lower intensity of the ligation product signal could be due to different 
desorption/ionization efficiencies between 24- and a 50-mer. Since the value of a 
duplex with 50 compared to 24 base pairs is significanUy higher, more 24-mer could be 
desorbed. A reduction in signal intensity can also result fix)m a higher degree of 
fragmentation in case of the longer oligonucleotides. 

Regardless of the purification with streptavidin DynaBeads, Figure 32 
reveals traces of Tween20 in the region around 2000 Da. Substances with a viscous 
consistence, negatively influence the process of crystallization and therefore can be 
detrimental to mass spectrometer analysis. Tween20 and also glycerol which are part of 
enzyme storage buffers therefore should be removed entirely prior to mass spectrometer 
analysis. For this reason an improved purification procedure which includes an additional 
ultrafiltration step prior to treatment with DynaBeads was investigated. Indeed, this sample 
purification resulted in a significant improvement of MALDI-TOF mass spectrometric 
performance. 

Figure 33 shows spectra obtained from two pooled positive (33A) and 
negative (33B) LCRs, respectively. The positive reaction was performed with a chemically 
synthesized, single strand 50mer as template with a sequence equivalent to the ligation 
product of oligo C and D. Oligo C was 5'-biotinylated. Therefore the template was not 
detected. As expected, only the ligation product of Oligo A and B (calculated mass 15450 
Da) could be desorbed from the immobilized and ligated oligo C and D. This newly 
generated DNA fi^igment is represented by the mass signal of 1 5448 Da in Figure 33A. 
Compared to Figure 32 A, this spectrum clearly shows that this mediod of sample 
preparation produces signals with improved resolution and intensity. 
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«caons as well as small insertions in amplified DNA Th*»m*»i,^- u . 
exttnsion of a deletion prin^ ^ ^ ^ ™ 

affinity^apou^ ampiffi«, template, ^ a D^' Tvl^ °" ™ 

10 and ti« one didcsoxy nL^tide. ^^!!r^' ^ ™»<« "'^'hree dNTPs. 

by MALDI-TOF T'"^ 
following experimeo. was u>detenn^ 

maimer. wuatype alleles m a fest and reliable 

^ Description of the experiment 

wUd.ypc aUe,« wbich can be easily ze^lved b^DW^^ " " 
method is describ«l by using a„ example *. l^^i^l^ spect^meny. The 

MATERIALS AND METHODS 
Genomic DMA 

homn^ ^u"^*"^' ^^"^^ individuals, individuals 

/»C^ amplification ofexon 10 of the CFTR gene 
rn. .^^^ "^^ P'^*^ for PCR amplification were CFExlO-F (5- 

y i-iiasea irom Boehrmger-Mannheim and dTNPs were nhtaJn-H nu 

, ^ * iuui. di i^, sec at 53 °C, and 30 ser 7*50/^ ru.^ t 
extension Um eof 5 min at 72-C. ^0 sec at 72 C for 40 cycles with a final 
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Purification of the PCR products 

Amplification products were purified by using Qiagen's PCR purification kit 
(No. 28106) according to manufacturer's instructions. The elution of the purified products 
from the column was done in 50 pil TE-buffer (lOmM Tris, I mM EDTA, pH 7 

Affinity-capture and denaturation of the double stranded DNA 
10 fiL aliquots of the purified PCR product were transferred to one well of a 
streptavidin-coated microdter plate (No. 1645684 Boehringer-Mannheim or Noo. 95029262 
Labsystems). Subsequently, 10 ^I incubation buffer (80 mM sodium phosphate 400 mM 
NaCl, 0,4% Tween20, pH 7,5) and 30 nl water were added AFter incubation for 1 hour at 
room temperature the wells were washed three times with 200^1 washing buffer (40 mM 
Tris, 1 mM EDTA. 50 mM NaCl, 0.1% Tween 20, pH8.8). To denaturate the double 
stranded DNA the wells were treated with 100 m1 of a 50 mM NaOH solution for 3 min. 
Hence, the wells were washed tiu^e times with 200 jil washing buffer. 

Oligo base extension reaction 
The armealing of 25 pmol detection primer (CF508: 
5'CTATATTCATCATAGGAAACACCA-3' (SEQ ID No. 15) was performed mSOyl 
annealmg buffer (20 mM Tris, 10 mM KCl. 10 mM (NH4)2S04, 2 mM MgSO, 1% Triton 
X-100, pH 8, J5) at 50*»C for 10 min. The wells were washed three times witii 200 ^l 
washing buffer and oncein 200 jil TE buffer. The extension reaction was performed by 
using some components of die DNA sequencing kit from USB (NoT 70770) and dNTPs or 
ddNTPs from Pharmacia. The total reaction volume was 45 ^l. consisting of 21 »il water, 
6 ill Sequenase-buffer, 3 nl 10 mM DTT solution, 4,5 jil, 0,5 mM of three dNTPs, 4,5 ^1, 2 
mM tiie missing one ddNTP, 5,5 jil glycerol enzyme diluton buffer, 0,25 jil Seque'nsLe 2.0, 
and 0,25 pyrophosphatase. The reaction was pipetted on ice and then incubated for 15 min 
at room temperature and for 5 min at 37°C. Hence, die wells were vyashed three times with 
200 ^I washing buffer and once with 60 nl of a 70 mM NH4-Citrate solution. 



Denaturation and precipitation of the extended primer 
The extended primer was denanired in 50 fil 10%-DMSO 
(dimetiiylsufoxide) in water at 80°C for 10 min. For precipitation, 10 \l\ NH4-Acetat (pH 
6,5), 0,5 ^il glycogen (10 mg/ml water. Sigma No. G1765). and 100 jil absolute etiianol 
were added to the supernatant and incubated for I hour at room temperature. After 
centrifugation at 13.000 g for 10 min die pellet was washed in 70% edianol and 
rcsuspended in 1 ]i\ 18 Mohm/cm H2O water. 

Sample preparation and analysis on MALDI-TOF mass spectrometry 
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hT^H C^ -*y*0Wcoluuc ac,d, 0.07 M dibasic cin^ i, , .., 

5 I™ ' , ""^ "P"*^ °'' ^ inlroduction into the 

^-^^ ^'"^ « ^'-^«-> Vi^Cl^O 
"■■Al-Ul-TOF operated m reflectron mode with 5 and 20 kV on the .»™« . a 

dy,.ode.te^e«,v.,y. Tteotetical -eta,e otolecuiar ^ Z^cXetlTT^ 

atomic compo^dons; trotted experimental Mr (M<^^f^!^ 

protonated form, determined using e^e,™, cali,^? ^^"^ 

RESULTS 

indei^dent of^' ^'^^ *° *i-elop a fest and reliable method- . - 

ionization rMAT nn rr,,o "J" "^^-assisted laser desorption 

^tion (MALDI) mass spectrometry (MS). The time-of-flight (TOF) reflect«,n 
an^gement was chosen as a possible mass measurement system. To pLT^ 
hypothesis, the examination was perfonned with exon 10 of the CFTR Z u 
mutations could lead tnth^^r • i u """^ °^ ™« <-*^R-gene, m which some 

^"T ^ '° Phenotype of cystic fibrosis, the most common - 

monogenetic disease in the Caucasian population. 

The schematic presentation as given in Figure 34 shows die e«,«.r^ ^ 

=rr.::-o^r^^r terr 

nrrtH„^»^ - . . uie v,r 1 K-gene. The short sequencmg products were 

produced usmg either ddTTP rPieure 34A-» nr Hwr-rn rc- l.r. 

se,ue„ceteUted.opinthenirX:r^e''.ro;:o^^^^^^ 

Ail s^les were confirmed by standard Sanger sequencing which showed no dis!^y 

» *e .:^^:x:^r^s"d"r""" ^ ^'-^ 

A fi,„), ! defimnve mterpretation of the results allowed in each case 

to*e ddTTP reacuon. d,e wildtype allele would be detected, whereas in the ddcT 
teactton *e three base pair deletion would be disclosed. 

mu„H The method desctibed is highly suitable for the detection of single noim 

gZitd °f ""-'""='^8 '-i » a high throughput including high ,uahlT„ 

genetic dtagnosts without any need for exact strineencies necessary in cL^JT ^ 
specific procedures. Because of the uniqueness of the genetic 
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extension of mutation detection primer is applicable in each disease gene or polymorphic 
region in the genome like variable number of tandem repeats (VNTR) or other single 
nucleotide polymorphisms (e.g., ^jolipoprotein E gene). 

5 Examples: Detection of Polymerase Chain Reaction Products Containing 7- 

Deazapurine Moieties with Matrix-Assisted Laser Desorption/Ionization 
Time-of-Flight (MALDI-TOF) Mass Spectrometry 



0 



MATERIALS AND METHODS 



PCR amplifications 

The following oligodeoxynucleotide primers were either synthesized 
according to sitendard phosphoamidite chemistry (Sinha, N.D,. et al., (1983) Tetrahedron 
Let. Vol. 24, Pp. 5843-5846; Sinha, N.D., et al., (1984) Nucleic Acids Res., Vol. 12, Pp. 
5 4539-4557) on a MilliGen 7500 DNA synthesizer (Millipore, Bedford, MA, USA) in 200 
nmol scales or purchased from MWG-Biotech (Ebersberg, Germany, primer 3) and 
Biometra (Goettingen, Gennany, primers 6-7). 

primer 1 : 5'-GTC ACCCTCGACCTGC AG (SEQ. ID. NO. 1 6); 

primer 2: 5'.TTGTAAAACGACGGCCAGT (SEQ. ID. NO. 1 7); 

primer 3: 5'-CTTCCACCGCGATGTTGA (SEQ. ID. NO. 1 8); 

primer 4: 5'-CAGGAAACAGCTATGAC (SEQ. ID. NO. 19); 

primer 5: 5'-GTAAAACGACGGCCAGT (SEQ. ID. NO. 20); 

primer 6: 5'-GTCACCCTCGACCTGCAgC (g: RiboG) (SEQ. ID. NO. 2 1); 

primer 7: 5'-GTTGTAAAACGAGGGCCAgT (g; RiboG) (SEQ. ID. NO. 22); 

The 99 -mer and 200-iner DNA strands (modified and unmodified) as well as 
the ribo- and 7-deaza-modified lOO-mer were amplified from pRFcl DNA (10 ng, 
generously supplied S. Feyerabend, University of Hamburg) in 100 |aL reaction volume 
containing 10 mmol/L KCl, 10 mmol/L (NH4)2S04, 20 mmol/L Tris HCl (pH 8.8), 2 
mmol/L MgS04, iexo(')Pseudococc2/s Juriosus (Pfu) -Buffer, Pharmacia, Freiburg, 
Gemiany), 0.2 mmol/L each dNTP (Pharmacia, Freiburg, Gemiany), 1 ^mol/L of each 
primer and 1 unit of qxo(')P/u DNA polymerase (Stratagene, Heidelberg, Gemiany). 

For the 99-mer primers 1 and 2, for the 200-mer primers 1 and 3 and for the 
lOO-mer primers 6 and 7 were used. To obtain 7-deazapurine modified nucleic acids, 
during PCR-ampIification dATP and dGTP were replaced with 7-dea2a-dATP and 7-dea2a- 
dGTP. The reaction was perfomied in a thermal cycler (OmniGene, MWG-Biotech, 
Ebersberg, Germany) using the cycle: denaturation at 95°C for 1 min,, annealing at Sl^'C 
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for 1 mm. and extension at 72»C for I min. For all PCR. th 

30. 

P«rf<.™=d using a,e cycle: denar^tioo a, 95=C XT^T 

and extension at 72°C for lm» 4fi ,„ , ' """^ «''0°C for 1 min 
modified .03-n,erre^ er;,^l=-"'°^ u-odifled and 40 cycles fortte 

10 *=^P'««'«mcubated for addidonal 10 min. a. 72-c. 

. Primers I and 4 were 5 -f32 pi i«u i j 

(Epicg^. Teclmologies) and (r ffl^^^^^^ 

15 10% Of primer 1 and 4 in PGR -^^Z "^"^ ^""^"^ ^'^^i 
-ction^ndi,^^. TT,ea^p^i™i^r"':rf'°"""='^=^ 
pcly^lamidegel. TT.eappLplt^''C ^''^^='''--P''--na ,0% 

CARS 4«,C li,uid scintlllaUon system (PacI^ CT^^S^ """"^ ^ ""'^ ™- 
2" - ^':!"'''-"""''S'fiomribo.modtJMPCR.produc 

■ninutes. The solution ^efacTd r . . " ''"^ 25 

MAI^^TOPan,lysi:^pl:;^ T^™^ 
25 below. ^*"°^-^'^a"='-"n''s(10.000NMWL) as described 

Pi^flcatlon of PCR products 

NMWL (MillipTrl^h^^'o^'t ""'"^ ""^"^^ ^0000 
30 iyophilisadon-PCRprMtTwe^Zf r^"-'"*''^"'"'^^^ After 

™..n.yteLujrd:rrr^^r.^p:-^^^^^^ 

35 mol/L 3-HPA ^orm"!^' "'"""^^ ^ " ' -'"■ion (0.7 

■nixed on a «a. mel:Ce~^" -tonitriWwater <, :,, Wv), „el 

~ucedin.o.bemass'specZ:terT^rr^~ 
spec«„me,er used was a Fim,igan MAT Vision 2oL (Fi^Ma^T n 

Spcct.we._d«,intHeposiUveionreflectormod^:r5tvi!n'r^^^ 
SUBSTTTUTH SHEET (RULE 26) 



PCT/USWi/03651 
-39- ^ 
keV postaccel ration. The instniment was quipped with a nitrogen laser (337 nm 
wavelength). The vacuum of the system was 3-4. 10-8 in the analyzer region and 1 ^ 
10-7 in tjjg region. Spectra of modified and unmodified DNA samples were 

obtained with the same relative laser power, external calibration was performed with a 
5 mixture of synthetic oligodeoxynucleotides (7-to50-mer). 

RESULTS AND DISCUSSION 

Enzymatic synthesis of7-decaapurine nucleotide containing nucleic 
^ acids by PCR 

In order to demonstrate the feasibility of MALDI-TOF MS for the rapid, 
geI-fiTManalysi? ofshortBCR products arid Id investigate the eff^ -^r 
modification of nucleic acids under MALDI-TOF conditions, two different primer-template 
systems were used to synthesize DNA fragments. Sequences are displayed in Figures 36 
i and 3 7. While the two single strands of the 1 03-mer PCR product had nearly equal masses 
(Am= 8 u), the two single strands of the 99-mer differed by 526 u. 

Considering that 7-deaza purine nucleotide building blocks for chemical 
DNA synthesis are approximately 1 60 times more expensive than regular ones (Product 
Information, Glen Research Corporation, Sterling, VA) and their application in standard P- 
cyano-phosphoamidite chemistry is not trivial (Product Information, Glen Research 
Corporation, Steriing, VA; Schneider , K and B.T. Chait (1995) Nucleic Acids Res.23, 
1570) the cost of 7-deaza purine modified primers would be very high. Therefore, to 
increase the applicability and scope of the method, all PCRs were performed using 
unmodified oligonucleotide primers which are routinely available. Substituting dATP and 
dGTP by c7^TP and cMGTP in polymerase chain reaction led to products containing 
approximately 80% 7-deaza-purine modified nucleosides for the 99-mer and 1 03-mer, and 
about 90% for the 200-mer, respectively. Table I shows the base composition of all PCR 
products. 
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TABLE I: 

Base composWoo of ■h.99.n.er..03.n«.an<,200-n.cri.CRamp,iflc3don products 
(unmodified and l-dw purine modified) 




200-mers 
modified 
200-mer s 
200-mer a 
mo^fied 
20p-mer a 
103-mer s 
modified 
103-iner s 
103-mer a 
modified 
103 -mer a 
99-mer s 
modified 
99-mer s 
99-mer a 
modified 
99«mer a 

total amJiiof purine uucleodd^ ^ """"^ "-"""id^^of 

However, it remained to be detennined whether 80 QOo/ 
modificauon is sufficicn, tor ™ n,a. specu.me..lt rn Tw~ 
unporun, .o de,ennine whe*er ^ purine nuCeoddes could be subslTJ^ dtTnl I 

Ro^Uing (W.'Nucleic AcTds Res 2^5 ' • " ^' 

polymer^e indeed cou,d 1^^'!^^ ^ t^^tT""' T """""^ 
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stained gel might be artifacts since the modified DNA-strands do not necessarily need to 
give the same band intensities as the unmodified ones. 

To verify these results, the PCRs with p^pj.iabeled primers were repeated. 
The autoradiogram (Figure 39) clearly shows lower yields for the modified PCR-products. 
The bands were excised fi-om the gel and counted. For all PGR products the yield of the 
modified nucleic acids was about 50%, referring to the corresponding unmodified 
amplification product. Further experiments showed that exo('')Deep Vent and Vent DNA 
polymerase were able to incorporate c^-dATP and c'^^GTP during PGR as well. The 
overaU performance^ however, turned out to be best for the exo(-)P^ DNA polymerase 
giving least side products during amplification. Using all three polymerases, it was found 
that such PCRs employing c^^TP and c^^GTP instead of then- isosteres showed less 
side-reactions giving a cleaner PCR-producL Decreased occurrence of amplification side 
products may be explained by a reduction of primer mismatches due to a lower stability of 
the complex formed from the primer and the T-deaza-purine containing template which is 
synthesized during PGR. Decreased melting point for DNA duplexes containing T^eaza- 
purine have been described (Mizusawa, S. et al., (1986) Nucleic Acids Res.. 14, 1319-1324). 
In addition to the three polymerases specified above (exo(-) Deep Vent DNA polymerase. 
Vent DNA polymerase and exo(-) iPJu) DNA polymerase), it is anticipated that other 
polymerases, such as the Large Klenow fi:agment of E.coli DNA polymerase, Sequenase, 
Taq DNA polymerase and U AmpliTaq DNA polymerase can be used. In addition, where 
RNA is the template, RNA polymerases, such as the SP6 or the T7 RNA polymerase, must 
be used 



MALDI-TOF mass spectrometry of modified and unmodified PCR 
products. 

The 99-mer, 103-mer and 200-mer PGR products were analyzed by 
MALDI-TOF MS. Based on past experience, it was known that the degree of depurination 
depends on the laser energy used for desorption and ionization of the analyte. Since the 
influence of 7-deazapurine modification on fi-agmentation due to depurination was to be 
investigated, all spectra were measured at the same relative laser energy. 

Figures 40a and 40b show the mass spectra of the modified and unmodified 
103-mer nucleic acids. In case of the modified 103-mer, fragmentation causes a broad 
(M-f-H)"^ signal. The maximum of the peak is shifted to lower masses so that the assigned 
mass represents a mean value of (M+H)"'" signal and signals of fragmented ions, rather than 
the (M+H)"*" signal itself. Although the modified 103-mer still contains about 20% A and G 
firom the oligonucleotide primers, it shows less fiagmentation which is featured by much 
more narrow and symmetric signals. Especially peak tailing on the lower mass side due to 
depurination, is substantially reduced. Hence, the difference between measured and 
calculated mass is strongly reduced although it is still below the expected mass. For the 
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observations are verifi^ w " " f ^ > 7.3 u feoml 3 1 723 „ calcula«d). Ticsc 

--^.«tion""^rrn2^o™'^'^*""'=^ 

10 single s^nds to 4e un^TZTl^ ™" ™' 

between 4e «™ s^T^lT^r '^'^ 
^Si^onofpnHnesal^^^,:;^^^^ 
^ov^ddis.toc.peaicsfora^^^.j,^^'';^^;;^^^^ 

Uns ,ppn,ach for U,e de«nnina.ion of molecular we^JL ^^^e^^^^^^ 
15 even more profound Although k.. i- , "«"'^ '° '''^"ophoreac meffiods 

wereabiedLbeassigTrrantc^Tf: 

= 30224 u) and Am = 14 u for the h^^- . / ^ " " for the lighter (calc. mass 

ioui u lor tfte heavier strand ^calc mas^ - tn-r^n \ a ■ . 
found that the foil width u^tf ■ ~ ^^^^^ ^S^ui, it was 

' acids seen. «, X^r'^tlT'^.' """^ '"'^''^ « 
""modified pin. n^„^r T ^ fta, *ey still contain abou, 20% 

intensities ^(M^^-^tZj.T '"""T - similar 

connas, to 12 for ^l^f T . "^""^ ^° " 

sample as oppiLt r^ f^ rr!^' '"'-""-^ ' ^ ~ 

PP a to three for the 7-dea2apunne nucleoside^ontaining PCR product 

i«P..^mass'^roT:^~:rr.!l--~ 

as tocreased Signal intensities (fig^ 4" Id «b, t^T° ~^ ^ 

predommates in the spectrum of L 7^ . "^'^ =''«"<'^ 

-..^dsgave.h~:!-r:r::rir^='-"'-^ 

either using •n^lZ'^ZIi^cT^lr^^ ^^^^ "^^ ^ -«-ed 

modified PCR ptoductT^el H ^ -mmodified primers from the partially 

described above ^' TO mer ^'^T'^'' "° ^^'^ " ™ers. as 

PHmet. we^c^ erhZ,Z~otir 

our laboratory (Koester H eL Z ^ f^. " ' '^'"'"'^ i" 

display d«^XrcR n;;f„?C 10a and 10b 

d.atti,ehyd.oVtltl?.~::LT^cC^^^^^ 

^l=asedpHmerscou,dbede.ec.ed.ogeti.e:™-rrr:::::rea 
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100-mer. TMs procedure is especially useftxl for the MALDI-TOF analysis of very short 
PCR-products since the share of unmodified purines originating from the primer increases 
with decreasing length of the amplified sequence. 

The remarkable properties of 7-deazapurine modified nucleic acids can be 
explained by either more effective desorption and/or ionization, increased ion stabUity 
and/or a lower denaturation energy of the double stranded purine modified nucleic acid. 
The exchange of the N-7 for a methine group results in the loss of one acceptor for a 
hydrogen bond which influences the ability of the nucleic acid to form secondary structures 
due to non-Watson-Crick base pairing (Seela, F. and A. Kehne (1987) Biochemistry. 26, 
2232-2238.), which should be a reason for better desorption during the MALDI process. In 
addition to this the aromatic system of 7-deazapurine has a lower electron density that 
weakens Watson-Crick base pairing resulting in a decreased melting point (Mizusawa, S. et' 
aI..(1986)M/c/«c^czVfr'i?«.. 14, 13 19-1324) of the double-strand. This effect may 
decrease the energy needed for denaturation of the duplex in the MALDI process. These 
aspects as well as the loss of a site which probably will cany a positive charge on the N-7 
nitrogen renders the 7-dea2apurine modified nucleic acid less polar and may promote the 
effectiveness of desorption. 

Because of the absence of N-7 as proton acceptor and the decreased 
polarizaiton of the C-N bond m 7-deazapurine nucleosides depurination following the 
mechanisms established for hydrolysis in solution is prevented. Although a direct 
correlation of reactions in solution and in the gas phase is problematic, less fragmentation 
due to depurination of the modified nucleic acids can be expected in the MALDI process. 
Depurination may either be accompanied by loss of charge which decreases the total yield 
of charged species or it may produce charged Augmentation products which decreases the 
25 intensity of the non fraginented molecular ion signal. 

The observation of bodi increased sensitivity and decreased peak tailing of 
the (M+H)+ signals on the lower mass side due to decreased fragmentation of the 7- 
deazapurine containing samples indicate that the N-7 atom indeed is essential for the 
mechanism of depurination in the MALDI-TOF process. In conclusion, 7-deazapurine 
containing nucleic acids show distinctly increased ion-stability and sensitivity under 
MALDI-TOF conditions and therefore provide for higher mass accuracy and mass 
resolution. 
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Example 9: Solid State Sequencing and Mass Spectrometer Detection 
MATEIUALS AND METHODS 



Oligonucleotides were purchased fi^m Operon Technologies (Alameda, CA) 
m an unpurified form. Sequencing reactions were performed on a solid surface using 
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Seauencinp^ a ^Q-m/»- /^,.rr^^ 
Sequencing complex: 

10 

(PNA16/DNA) 3TCAACACTGCATGT-5' 

(SEQ. ID. No. 24) 

60 praol of DNAl 1681 1 7 „r« i ^u- • , ^^erase. A 30 ^1 reaction, containing 

K VI i^iNAi 10^$ J, 1.3 nmol of biotm 14-dATP (Gmm rdt ^ r . , 
iinif<j of t.^- 1 ^ *-i-ui^ir ^Lriacu BRL, Grand Island NY^ 10 

(supplied with HHyme), was incubated at 37°C for 1 hrair Ti,. ~ .■ 
by heat inactivation of the tenninal ttantfetase a, 70=Cfer 10 ^ """"^ 

DNA, ,683 ^ LC"ro 3 of DNAM6S3. THe biotinyW 

and lalissolved in 30 ul TF I r ■ T 7 ^ "^^^ »™= washed twee with TE 

25 sequencing t^„l '"""^ " ' ""^ — 

co„tainil^„,^5°-';j'^,^^ .OMlvoIume 

^uuuomg / jij ot Sequenase buffer r200 mM THq un\ ^xj i c ^ ^r. 

250 nj^ NaCO fiom the Sequenase kit and^ ^olr/ "» MgCl2. and 

JO Th^, I- . ^ ^*^^P™°'°f corresponding primer PNA16/DM A 

JO ^^^^"ig mixture was heated to 70»C and allowed to i . 
overa20.30..tl.eperiod. ^en 1 .1 0.1 Mtl^ril^^^^^^^^ 
M scKi,„..,e and 0.1 M McC12), and 2 .1 of diluted Sec^uenaTe S^sti^ w re 
added. The reaction mixture was divided into four aliquots of 3 ul each anH • I u 

aa NFS, m 50 mM NaCI). The reaction mixtures were incubated at 37-r fnr ^ ■ 
the completion of extension, the beads were precipitated and th "'"^ 
ThehpoHc«,» u ^ . P'^'^'P'^^*^ *e supernatant was removed 

The beads were washed twice and resuspended in TE and kept at 4«C 
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Seauencim a 78-mer target 
Sequencing complex: 

S^AAGATCTGACCAGGGATTCGGTTAGCGTGACTCKn-GCTGCTGCTGCTGCTGC 

TGGATGATCCGACGCATCAGATCTGG-(Ab)n-3 (SEQ. ID. NO. 25) 
(TNR.PLASM2) 

3'-CTACTAGGCTGCGTAGTC-5' (CMl) (SEO 

ID. NO. 26) 

The target TNR.PLASM2 was biotinyiated and sequenced using procedures 
similar to those described in previous section (sequencing a 39-mer target). 



Seauencinv a IS-mer tar tret with nartiallv dunlex pmh^ 

Sequencing complex: 

5'-F-GATGATCCGACGCATCACAGCTC3' (SEQ. ID. No. 27) 
3'-b-CTACTAGGCTGCGTAGTGTCGAGAACCTTGGCT3'(SEQ. ID. No. 28) 



CM1B3B was immobilized on Dynabeads M280 with streptavidin (Dynal, 
Norway) by incubating 60 pmol of CM1B3B with 0.3 magnetic beads in 30 nl IM NaCl ' 
and TE (Ix binding and washing buffer) at room temperamre for 5D min. The beads were 
washed twice with TE and redissolved in 30 ^1 TE. 10 or 20 iil aliquot (containing 0.1 or 
0.2 mg of beads respectively) was used for sequencing reactions. 



The duplex was formed by annealing corresponding aliquot of beads from 
previous step with 10 pmol of DFl la5F (or 20 pmol of DFl la5F for 0.2 mg of beads) in a 
9 Hi volume containing 2 pil of 5x Sequenase buffer (200 mM Tris-HCl, pH 7.5. 100 mM 
MgCll, and 250 mM NaCl) from the Sequenase kit The annealing mixture was heated to 
65'C and allowed to cool slowly to 37«'C over a 20-30 min time period. The duplex primer 
was then mixed with 10 pmol of TSlo (20 pmol of TSIO for 0.2 mg of beads) in 1 \i\ 
volume, and the resulting mixture was further incubated at 37«'C for 5 min, room 
temperature for 5-10 min. Then 1 ^1 0.1 M dithiothreitol solution, 1 \i\ Mn buffer (0.15 M 
sodium isocitrate and 0. 1 M MnCb), and 2 jil of diluted Sequenase (3 .25 units) were 
35 added. The reaction mixture was divided into four aiiquots of 3 |il each and mixed with 
termination mixes (each consists of 4 |il of the appropriate termination mix: 1 6 \LtA. dATP, 
16 hM dCTP, 16 \iM dGTP, 16 \xM dTTP and 1.6 jiM of one of the four ddNTPs, in 50 
mM NaCl). The reaction mixtures were incubated at room temperature for 5 min, and 37"'C 
for 5 min. After the completion of extension, the beads were precipitated and the 
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supematant was removed. ITie beads were resuspended in 20 jxITE and kept at 4«>C An 
ahquot of 2 ^1 (out of 20 ^1) from each tube was taken and tnixed with 8 jxl of fonnanude 
the i^tmg samples were denatured at SO-SS'^C for 5 min and 2 ^1 (o« of 10 ^ total) wa^ 
applied to an ALF DNA sequencer (Pharmacia, Piscataway. NJ) using a 10»/o 
polyaciylamide gel containing 7 M urea and 0 6x TBE Th^r^rr.^;^- 
MALDI-TOFMS analysis. 

Ai4Z£)/ sample preparation and instrumentation 

^^*"°«^J^I^ysis, the sequencing ladder loaded magnetic beads were 
washed twxce using 50 mM ammonium citrate and resuspended in 0.5 ^ pure water The 
suspension was then loaded onto the sample target of the mass spectrometer and 0 5 m of 
satur«edmatr«solution(3-hydropicolinicacid(HPA): ammonium citrate = 101 mo^e 
xatrom 503^0 acetonitrile) was added. The mixture was allowed to dry prior to mass 
spectometer analysis. 



35 



The reflectron TOFMS mass spectrometer (Vision 2000, Fimiigan MAT 

™i2 r"'^ ' ^''''^ ^ 20 kV 

was appl ed for postacceleratron. All spectra were taken in the positive ion mode and a 

20 ^7^'° TJ" ""'^ ^^--Sed for more than 100 shots 

20 and a standard 25-point smoothing was applied, 

RESULTS AND DISCUSSIONS 

Conventional solid-state sequencing 
05 conventional sequencing methods, a primer is directly amiealed to the 

-5 tenxpla e and then extended and terminated in a Sanger dideoxy sequencing. Normally a 
brotmylated pnmer is used and d.e sequencing ladders are captured by streptavidin-coated 
magnetic beads. After washing, the products are eluted from the beads using EDTA and 
fomiamide. However, our previous findings indicated that only the annealed strand of a 
d"Pl« is desorbed and the immobilized strand remains on the beads. Therefore it is 
advantageous to immobUize the template and amieal the primer. After the sequencing 
xeaction and washing, the beads with the immobilized template and amiealed sequencing 
^dder can be loaded directly onto the mass spectrometer target and mix with matrix In 
MALDI, only the annealed sequencing ladder will be desorbed and ionized, and the 
immobilized template will remain on the target 

A 39-mer template (SEQ. ID. No. 23) was Grst biotinylated at the 3' end by 

cl^rJTi t^J' "^"^ '"^^ biotin.l4-dATP molecule 

could be added by the enzyme. However, since the template was immobilized and 
remained on the beads during MALDI, the number of biotin-14-dATP would not affect die 
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mass spectra. A I4.mer primer (SEQ. ID. No, 29) was used for the solid-state sequencing. 
MALDI-TOF mass spectra of the four sequencing ladders are shown in Figure 34 and the 
expected theoretical values are shown in Table 11. 



TABLE II 



1. 

2. 

3. 

4. 

5. 

6, 

7. 

8. 

9. 

10., 

11. 

12. 

13 . 

14. 

IS. 

16. 

17. 
18. 
19. 
20. 
21, 
22. 
23. 
24. 
25. 
26. 
27. 



5 • -TCTGGCCTGGTGCAGGGCCTATTGTAGTTGTGACGTACA- (A^) -3 ' 

3 • - TCAACACTGCATGT - 5 
3 • -ATCAACACTGCATGT- S 
3 • - CATGAACACTGCATGT- 5 
3 • - ACATCAACACTGCATGT - 5 
3 • - AACATCAACACTGCATGT- 5 
3 • -TAACATCAACACTGCATGT- 5 
3 • - ATAAGATCAACACTGCATGT- 5 
. 3 • -GATAACATCAACACTGCATGT-S 
i . 3 • ^dGATAACATCAACACTGCATGT-5 

3 • - CGGATAACATCAACACTGCATGT - S 
3 ' - CCGGATAACATCAACACTGCATGT- 5 
3 • - CCCGGATAACATCAACACTGCATGT - 5 
3 • -TCCCGGATAACATCAACACTGCATGT-S 
3 ' - GTCCCGGATAACATCAACACTGCATGT - S 
3 • -CGTCCCGGATAACATCAACACTGCATGT-5 
3 ' - ACGTCCCGGATAACATCAACACTGCATGT- 5 
3 ' -CACGTCCCGGATAACATCAACACTGCATGT-S 
3 ' -CCACGTCCCGGATAACATCAACACTGCATGT-S 
3 • -ACCACGTCCCGGATAACATCAACACTGCATGT-S 
3 • -GACCACGTCCCGGATAACATCAACACTGCATGT-S 
3 ' -GGACCACGTCCCGGATAACATCAACACTGCATGT-S 
3 • -CGGACCACGTCCCGGATAACATCAACACTGCATGT-5 
3 • -CCGGACCACGTCCCGGATAACATCAACACTGCATGT-5 
3 • -ACCGGACCACGTCCCGGATAACATCAACACTGCATGT-5 
3 ' -GACCGGACCACGTCCCGGATAACATCAACACrGCATGT-5 
3 ' -AGACCGGACCACGTCCCGGATAACATCAACACTGCATGT-5 
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X. 


C-reacdon 


2. 4223.8 




3. 452i.l 




4. 


4809.2 


5, S122,4 




S434.6 




7. 




8. 6051.1 




9. 




10. 




11 . 


6995.6 


12, 


7284.8 


13. 


7574 . 0 


14. 




IS* 




16 . 


8495.6 


17 8snn p 






9097,0 


19. 


9386.2 


20. 9699,4 




21, 




22. 




23. 


10644 .0 


24. 


10933 .2 


25. 11246.4 




26. 




27. 11886.8 
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TABLE II (Continued) 

G-rcacdon 
4223.8 



6379.2 
6704 .4 



8207.4 



10027,6 
10355.8 



11574.6 



T-reacdon 
4223.8 



5737.8 



7878.2 



Ml-l«,eu, sec^irT*^ """""'^ " '^""^ fco-nog^nous ladder, and ftc 

Mllength sequence was d«enn,ned easily. Cteepeak around 5150 appeared in all 

-vicu^punnes. The full length ladder, with a ddA at th/» o • . 

»**anapparen.„^„n,SS..S.„owever,ar:i„tr^^^/3;^t^ 
^cuons and is U.el. due . an addl.on of an ^ nuclfoUde b/il^rsT 

78 , '°"*"' "'"8=' DNA ftagmenrs A 

'8-nier template containing a CTO raoent «cn rn m "■■eraenis. a 

Motin.,4^n.„,,.^L..a:rr:^"T;.r:^:7,^-^ 

An example of the O-reactton ,s shown in Figme 35 and the expected sequencing 
SUBSTirjTC SHEET (RULE 26) 
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iadder is shown in Table HI with theoretical mass values for each ladder component All 
sequencing peaks were weU resolved except the last component (theoretical value 20577 4) 
was mchstinguishable ftom the background. Two neighboring sequencing peaks (a 62-m'er 
and a 63-mer) were also separated indicating diat such sequencing analysis could be 
apphcable to longer templates. Again, an addition of an extra nucleotide by the Sequenase 
enzyme was observed in this spectrum. Hiis addition is not template specific and appear«I 
m all four reactions which makes it easy to be identified. Compared to the primer p^e 
sequencmg peaks were at much lower intensity in the long template case. Further 
optimization of the sequencing reaction may be required. 
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10 



15 



1. 

2, 

3. 

4. 

5. 

€ . 

7, 

8. 

9. 

10, 

IX. 

12. 

13. 

14. 



ddATP 
5491.6 

6078.0 



7009.6 



7941.2 



8872.8 



lS--:?9804.4 



20 



16. 

17. 
18, 
19. 
20, 
21. 
25 22. 
23. 
24 
25, 
26. 
30 27, 
28. 
29. 



10736.0 



11667.6 



12S99.2 



ddCTP 
5491.6 
5764.8 



6696.4 



7628,0 



8559.6 



9491.2 



10422.88 



11354.4 



12286.0 



TABM: III (Continued) 



ddGTP 
5491. 6 



6407.2 



7338.8 



8270.4 



9202.0 



10133.6 



11065,2 



11996.8 



12928,4 



13835,0 



35 



40 



45 



30, 

3a. 

32. 

33. 

34. 

35. 

36. 

37, 

38. 

39. 

40. 

41. 

42. 

43 . 

44 . 
45. 
46, 



15360.0 
15673.2 



16894.0 
17207.2 



13521.8 

14124.2 
14742.6 



15 962.4 
16251.6 



17800.6 
18089.8 
18379.0 



14453.4 



16580,8 



ddTTP 
5491.6 



13232.6 



15046.8 



19012.4 
19341.6 



17511.4 



18683.2 
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TABLE ZZZ (Continued) 

47. 



^ 48. 1993S.0 
49. 20248.2 

20S77.4 

51. 20890. S 
52. 

*0 53. 21484.0 
54. 
55. 



15 



19645.8 



21194.4 

21788.2 
22092.4 



20 



25 



30 



SetruencinF usin^ dunlex DNA orohp.^ fn r canturin^ nrd onmirftr 

Duplex DNA probes with single-stranded overhang have been demonstrated 
to be able to capture specific DNA templates and also serve as primers for solid-state 
sequencing. The scheme is shown in Figure 46. Stacking interactions between a duplex 
probe and a single-stranded template allow only 5-base overhand to be sufficient for 
capturing. Based on this format, a 5' fluorescent-labeled 23-mer (5'-GAT GAT CCG ACQ 
CAT CAC AGC TC) (SEQ. ID. No. 29) was annealed to a 3'-biotinylated 18-mer (5'-GTG 
ATG CGT CGG ATC ATC) (SEQ. ID. No. 30), leaving a 5-base overhang. A 15-mer 
template (5'.TCG GTT CCA AGA CCT) (SEQ ID. No. 3 1) was captured by the duplex and 
sequencing reactions were performed by extension of the 5-base overhang. MALDI-TOF 
mass spectra of the reactions are shown in Figure 47A-D. All sequencing peaks were 
resolved although at relatively low mtensities. The last peak in eac.^reaction is due to 
unspecific addition of one nucleotide to the full length extension product by the Sequenase 
enzyme. For comparison, the same products were run on a conventional DNA sequencer 
and a stacking fluorogram of die results is shown in Figure 48. As can be seen from the 
Figure, the mass specfra had the same pattern as the fluorogram with sequencing peaks at 
much lower intensity compared to the 23-mer primer. 

Improvements of MALDI-TOF maxM suectrnmctry as a detection technique 
Sample distribution can be made more homogenous and signal intensity 
could potentially be increased by implementing the picoliter vial technique. In practice, the 
samples can be loaded on small pits with square openings of 100 um size. The beads used 
in the solid-state sequencing is less than 10 um in diameter, so they should fit well in the 
microliter vials. Microcrystals of matrix and DNA containing "sweet spots" will be 
40 confined in the vial. Since the laser spot size is about 1 00 um in diameter, it will cover the 
entire opening of the vial. Therefore, searching for sweet spots will be unnecessary and 
high repetition-rate laser (e.g. >10Hz) can be used for acquiring spectra. An earlier report 
has shown that this device is capable of increasing the detection sensitivity of peptides and 
proteins by several orders of magnitude compared to conventional MALDI sample 
45 preparation technique. 
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^ 200 (FWHM) which is enough for seZTdT^ " ^''"^^ «^ 

-.=^on,^.^°::^^°:^--- 

by «f=^. ^' ^"--"^ P-OUca^on. sr. h«by inco^^ 

■ ■ '-'■a: . - • • . ' ■ ■ — " 

Those skilled in the art wfll r^r.^- 

herein. Such equivalents are considered to be ' ^"^^ 

covered by Ac foUowing claims. ""^ '"'ta, the scope of dus invention and a« 
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Claims 

1 . A process for detecting a target nucleic acid sequence present in a 
biological sample, comprising the steps of: 

a) obtaining a nucleic acid molecule from a biological sample; 

b) immobilizing the nucleic acid molecule onto a solid support, to produce 
an immobilized nucleic acid molecule; 

c) hybridizing a detector oligonucleotide with the immobilized nucleic acid 
molecule and removing unhybridized detector oUgonucleotide; 

d) ionizing and volatizing the product of step c); and 

e) detecting the detector oligonucleotide by mass spectrometry, wherein 
detection of the detector oUgonucleotide indicatesthepre^ 

nucleic acid sequence in the biological sample. 

2, A process of claim 1, wherein step b), immobilization is accomplished by 
hybridization between a complementary capture nucleic acid molecule, which has been 
previously immobUized to a solid support, and a complementary specific sequence on the 
target nucleic acid sequence. 

3, A process of claim 1 , wherein step b), immobilization is accomplished via 
direct bonding of the target nucleic acid sequence to a solid support. 

4, A process of claim 1, wherein prior to step b), the target nucleic acid 
sequence is amplified. 



5. A process of claim 4, wherein the target nucleic acid sequence is 
amplified by an amplification procedure selected from the group consisting of: cloning, 
transcription based amplification, the polymerase chain reaction (PGR), the ligase chain 
reaction (LCR), and strand displacement amplification (SDA). 

6. A process of claim 1, wherein the solid support is selected from the group 
consisting of: beads, flat surfaces, pins, combs and wafers. 

7. A process of claim 6, wherein step b), immobilization is accomplished by 
hybridization between an array of complementary capture nucleic acid molecules, which 
have been previously immobilized to a solid support, and a portion of the nucleic acid 
molecule; which is distinct from the target nucleic acid sequence. 

8. A process of claim 7, wherein the complementary capture nucleic acid 
molecules are oligonucleotides or oligonucleotide mimetics. 
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9. A process of claim I. wherein <he inmiobilization is ,eve.,ible. 

TOP).Hec»s^,^,7,„'^J:^^™-^"Ti.e^^^^^ 
combinalioKuhereof. (ICR), Founer Transfonn and 

n. A p^cess of oiaim ,. wherein prtor « step d), tt,e sample is condidonei 

d„in»oducdon*f^rZrI°'^ '^-.—^'n-^ffcrentiadon is achieved by 

"Phospbs^andRNAdependentONApolymeraseprtor^masss;::::;:,^^^^^^ 
30 biological samp'le isUuredtl^A ^''^ ^ 

».o.AdepeLmK^::;:rrr— ei^^^^^^^^ 
«n.e,.„.oris'L;i:-:^-:r^'~^^^^^ 

genetic disease, a chn,mosomal abnonmlity a «ne,^ 

^ infeedo. a bacterial infection and l^tS iSX ~ ^ ' 

..logical samp^ct^^It^s'oT:^'^^-'-'"'-'"^ 
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a) obtaining a nucleic acid molecule containing a target nucleic acid 
sequence fiom a biological sample; 

b) ampliiying the target nucleic acid sequence using an ^propriate 
amplification procedure, thereby obtaining an ampUfied target nucleic acid 
sequence. 

c) hybridizing a detector oUgonucleotide with the nucleic acid molecule and 
removing imhybridized detector oligonucleotide; 

d) ionizing and volatizing the product of step c); and 

e) detecting the detector oKgonucleotide by mass spectrometry, wherein 
detection of the detector oligonucleotide mdicates the presence of the target 
nucleic acid sequence in the biological sample. 

20. A process of claim 19, wherein the target nucleic acid is amplified by an 
15 amplification procedure selected &om the group consisting of: cloning, transcription based 

amplification, the polymerase chain reaction (PGR), the ligase chain reaction (LCR), and 
strand displacement amplification (SDA). 

21. A process of claim 19, wherein the mass spectrometer is selected fi^om 
the group consisting of: Matrix-Assisted Laser Desoiption/Ionization, Time-of-FUght 
(MALDI-TOF), Electrospray (ES), Ion Cyclotron Resonance (ICRX Fourier Transform and 
combinations thereof. 

22. A process of claim 19, wherein prior to step d), the sample is 

conditioned. 

23. A process of claim 22, wherein the sample is conditioned by mass 

differentiation, 

24. A process of claim 23, wherein the mass differentiation is achieved by 
mass modifying functionalities attached to primers used for amplification. 

25. A process of claim 23. wherein the mass differentiation is achieved by 
exchange of cations or removal of the charge at the phosphodiester bond. 

26. A process of claim 19, wherein the nucleic acid molecule is DNA. 

27. A process of claim 19, wherein the nucleic acid molecule is RNA. 
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28. A process of claim 19, wherein prior to sT#.n o^^i -*-^ 
acid seauences ar- • j ^"""^ '° step d), amplified target nucleic 

acid ' " — nuclei: 

hybridi^on b^Iv^o'^nf i™"""^™ « accomplished by 

.0 -pcc.ij;.;:::r~:rr^^^ 

.....^ ^^•^P'"'=^^<'^<=^^28..vfaereintheimmobiIi2ation 

15 DNAfin» ^P'^^^^^^*^!^ Retarget nucleic acid sequence is a 

DNA fingeiprmt or is a disease or condition selected fW,™ equence is a 

disease, a chn,mosomal abnormality, a genL^^iTsT. ^ ^^^^^ 

infection, a bacterial infection and a protist infection ' ^ ^tion, a fungal 

- -iogicaisatn^:;::^rgt^^^ - 

a) obtaining a target nucleic acid sequence from a biological sample- 
fa) rephcatmg the target nucleic acid sequence, thereby producing a ' 
replicated nucleic acid molecule; 

c) specifically digesting the replicated nucleic acid molecule using at least 
one appropriate nuclease, thereby producing digested fragments- 
. , d) immobilizing the digested fragments onto a solid support containing 
complementary capture nucleic acid sequences to produce immobilizea" 
Iragments; and 

e) analysing the immobilized fragments by mass spectrometry, wherein 
hybndization and the determination of the molecular weights of the 
umnobiltzed fragments provide information on the target nucleic acid 
sequence. 
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36. A process of claim 33. wherein the immobilization is reversible. 

37. A process of claim 33 wherein the mass spectrometer is selected fiom 
5 the group consisting of: Matrix-Assisted Laser Desorption/Ionization Time-of-FUght 

(MALDI-TOF), Electrospray (ES). Ion Cyclotron Resonance aCR), Fourier Transfonn and 
combinations thereof 

38. A process of claim 33. wherein prior to step e), the sample is 

10 conditioned. 

39. A process of claim 38. wherein the sample is conditioned- by mass 



differentiation. 



15 



A P«^"^s°fclaim 38, wherein the mass differentiation is achieved by 
Ae inm^duction of mass modifying functionalities in the base, sugar or phosphate moiety of 
the detector oligonucleotides. ^ 

^ ^ 39, wherein the mass differentiation is achieved by 

exchange of cations or removal of the charge at the phosphodiester bond. 

42. A process of claim 33. wherein after step a), the target nucleic acid 
sequence is replicated into DNA using mass modified deoxynucleoside and/or 
dideoxynucleoside triphosphates and RNA dependent DNA polymerase. 

43. A process of claim 33. wherein after step a), the target nucleic acid 
sequence is replicated into RNA using mass modified ribonucleoside and/or 3'- 
deoxynucleoside triphosphates and DNA dependent RNA polymerase. 

44. A process of claim 33, wherein after step a), the target nucleic acid is 
replicated mto DNA using mass modified deoxynucleoside and/or dideoxynucleoside 
triphosphates and a DNA dependent DNA polymerase. 

45. A process of claim 33 wherein the target nucleic acid sequence is a 
DNA fingerprint or a disease or condition selected from the group consisting of a genetic 
disease, a chromosomal abnormality, a genetic predisposition, a viral infection, a fungal 
infection, a bacterial infection or a protist infection. 



30 
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46. A process for detecting a target nucleic acid sequence present in a 
biological sample, comprising the steps of: 

a) obtaining a nucleic acid molecule containing a target nucleic acid 
sequence from a biological sample; 

b) contacting the target nucleic acid sequence with at least one primer said 
pnmer havmg 3' terminal base complementarity to the target nucleic acid 

sequence; 

c) contacting the product of step b) with an appropriate polymerase enzyme 
and sequentiaUy with one of the four nucleoside triphosphates- 

d) lomzmg and volatizing the product of step c); and 

e) detecting the product of step d) by mass spectrometry, wherein the 
— - weight ofthe product indicates the presence or absenc^^^^^^^^^ 

mutation next to the 3- end of the primer in the target nucleic acid sequence. 

47. A process for detecting a target nucleotide present in a biological 
sample, comprising the steps of: 

a) obtaining a nucleic acid molecule that contains a target nucleotide- 

b) mmiobilizing the nucleic acid molecule onto a solid support, to produce 
an unmobilized nucleic acid molecule; 

c) hybridizing the immobilized nucleic acid molecule with a primer 
oligonucleotide that is complementary to the nucleic acid molecule at a site 
munediately 5' of the target nucleotide; 

d) contacting the product of step c) with a complete set of 
dideoxynucleosides or 3'-deoxynucleoside triphosphates and a DNA 
dependent DNA polymerase, so that only the dideoxynucleoside or 3- 
deoxynucleoside triphosphate that is complementary to the target nucleotide 
is extended onto the primer; 

e) ionizing and volatizing the product of step d); and 

f) detecting the primer by mass spectrometry, to determine the identity of the 
target nucleotide. 

48. A process for detecting a mutation in a nucleic acid molecule 
comprising the steps of: 

a) obtaining a nucleic acid molecule; 

b) hybridizing the nucleic acid molecule with an oligonucleotide probe, 
thereby forming a mismatch at the site of a mutation; 

c) contacting the product of step b) with a single straiid specific 

endonuclease; 
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d) ionizing and voladzing the product of step c); and 

e) detecting the products obtained by mass spectrometry, wherein the 
presence of more than one fragment, indicates that the nucleic acid molecule 
contains a mutadon. 

5 

49. A process for detecting a target nucleic acid sequence present in a 
biological sample, comprising the steps of: 



a) obtaining a nucleic acid containing a target nucleic acid 
sequence from a biological sample; 

b) performing at least one hybridization of the target nucleic acid sequence 
with a set of ligation educts and a thermostable DNA ligase, thereby formir 
a ligation product; 

c) ionizing and volatizing the product of step b); and 

d) detecting the ligation product by mass spectrometry and comparing the 
value obtained with a known value to determme the target nucleic acid 
sequence. 
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